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Expanding Use of Web API
— Vast Potential of Mashup —
   A software development technique called “mashup” has been gaining in 
popularity. The popularity expanded after people began to use information services, 
such as Google Maps, provided by major information providers, in their personal 
blogs. Mashups are now being used in corporate information systems called 
“enterprise mashups.” The technique is designed to link data provided by multiple 
information sources by using a Web API (application programming interface).
   The emergence of such data-linkage and service-linkage techniques, the pattern 
of software development and software-based service provision may undergo a major 
change in the years to come. This is because a mashup allows even users with no 
software development knowledge to develop convenient functions quickly and 
easily by combining existing software components available on the Web. With the 
construction of a function that provides new information services via a mashup 
technique, it is now possible to meet the potential needs for information services in 
the middle area in the figure below.
   In order to use the technology to create new services, it is necessary to open 
existing databases to the public in a Web API format to promote broader utilization 
of the database. Moreover, in order for data linkage to function effectively, it is 
necessary to establish linkage rules common to particular fields. If the mashup is 
to be utilized, such rules should reflect the definition of SML schema. Therefore, it 
is best to provide supports to data-linkage and service-linkage efforts by business 
bodies, in addition to implementing deregulation measures on open information. In 
doing so, for the sake of technical innovation in this field, it is important to have an 
open process in developing and utilizing schemas.
Prepared by the STFC based on Reference[23]
(Original Japanese version: published in January 2010)
Figure : Effective Range of Web API and Mashup
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広がる Web API の�用 �マッシュアップの幅広い可能性� 
藤井章博（情報通信ユニット客員研究官） 
 [�要]     
 
「マッシュアップ mashuup」と呼ばれるソフトウエア開発技法が普及しつつある。この流れは、5 
Google Maps のような大手情報プロバイダーが提供する情報サービスを個人のブログなどで利
用することを契機に普及が拡大し、「エンタープライズ・マッシュアップ」と呼ばれるような企業情
報システムでの利用も始まっている。この技術は、Web API（Application Programming Interface）
を利用して複数の情報源から提供されるデータの連携を図るものである。 
こうしたデータ連携、サービス連携の技法が登場したことによって、ソフトウエア開発およびソフ10 
トウエアに基づくサービス提供の形態は今後大きく変化する可能性がある。なぜならば、利用者
は特に詳細なソフトウエア開発の知識がなくとも、Web 上で利用できる既存のソフトウエア部品を
組み合わせることによって、利用者自身にとって便利な機能を短期間に容易に開発し公開する
ことができるからである。マッシュアップによって新たな情報サービスを提供する機能を構築する
ことは、図の真ん中の領域における情報サービスの潜在的ニーズに対応できる可能性があると15 
いわれている。 
この技術を新しいサービスの創出に結びつけるためには、既存のデータベースを幅広い利用
に供するために Web 上に再利用できる Web API 形で公開することが求められている。さらに、
データの連携が有効に機能するためには、その領域で共通に利用する連携のルールが必要と
なる。マッシュアップを利用するという状況では、具体的には、XML スキーマの定義に反映され20 
る。そこで、公開情報に関する規制緩和などの施策に加えて、業界団体などのデータ連携およ
びサービス連携の試みに対する支援策などが有効であろう。その際、スキーマの開発や利用の
過程がオープンであることがこの分野の技術革新にとって重要である。 
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   Almost all kinds of applications to the government can be processed electronically. 
However, the proportion of the private sector (people and corporations) utilizing 
electronic applications is small. According to the United Nations, Japan ranks 17th in the 
list of e-government ranking, far below South Korea, the United States, and European 
countries. Since Japan is moving toward an information-based society, it is necessary to 
improve the situation as soon as possible.
   As emergency measures, the government established and enforced e-government 
guidelines. Usability guidelines were adopted in July 2009 and final decisions on 
security guidelines are scheduled to be made shortly. Since the guidelines strongly call 
for the development of “user-friendly” systems, if they are followed, the e-government 
utilization rate in Japan may increase to a certain extent. However, in order to drastically 
enhance the use of e-government, the following changes have to be made.
   First of all, it is necessary to establish an e-government basic act focusing on the 
development of “the government where electronics play a primary role and papers 
the secondary role” and to drastically revise relevant systems. It is also necessary to 
promote one-stop administrative services and strengthen data linkage, while giving 
due consideration to information security. With the understanding of the people, it 
is important to shift to a system where the level of information protection changes 
depending on the importance of the information. The government should change its 
system development policy. Instead of trying to do everything by itself, the government 
should utilize private-sector resources if they are available.
   In order to realize these changes, government CIO should be given strong leadership. 
In this report, we have presented a roadmap to regenerate e-government under the 
direction of government CIO.
Current Status of E-Government in Japan and 
its Future Direction 
— Electronic Application Services —
Figure : Roadmap for Drastic Improvement of E-Government
Prepared by the STFC
(Original Japanese version: published in March 2010)
   Since software houses are awa  of the need to create easy-to-use programs, it leads to 
providing a ser-friendly electronic environment to the people. This is far more efficient than 
the administration taking charge from beginning to end and trying to grasp the characteristics of 
users, something the administration has never experienced. 
   Some say that since American people are in principle required to file income-tax returns, the 
U.S. market for such programs is much larger than the Japanese counterpart. However, the 
Japanese market is already large enough. In the spring of 2009, 23.69 million people filed their 
tax returns25]. 
   The Japanese e-government concept lacks the idea of leaving the development of programs 
to market competition. Reflecting the fact that tax accountant groups have made several 
proposals on income tax declaration, several programs for e-filing have been marketed by 
software houses. However, they are still exceptional. The government should change its way of 
thinking and use the resources of the private sector wherever possible, instead of trying to take 
care of everything. 
 
 
Figure 6 Roadmap for Drastic Improvement of E-Government 
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5-5 Establishment of Control Tower Function and Preparation of Roadmap 
   Since drastically improving e-government inevitably requires establishment or revision of 
laws, it cannot be achieved unless the government as a whole tackles the issue. The 
e-government concept proposed by the IT Strategy Headquarters in 2001 failed because the 
Headquarters presented only a basic idea and left actual operations to each ministry and agency. 
In order to promote cross-sectional improvement of e-government, it requires strong political 
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   A substantial reduction of CO2 emissions can be achieved by promoting the 
adoption of small and light secondary batteries as an in-vehicle driving force for 
hybrid vehicles (HVs), plug-in hybrid vehicles (PHVs), and electric vehicles (EVs). 
For example, if the ownership rate of EVs reaches 50% of all vehicles in Japan, as 
much as 40% of the current total CO2 emissions from vehicles will be eliminated 
assuming that CO2 emissions from an EV are around 25% that of a conventional 
vehicle (this amounts to 100 million tons based on the total emissions as of 2007). 
Among the secondary batteries, the lithium-ion battery provides the highest 
performance in terms of power and energy density per weight or volume. Still, in 
order for the lithium-ion battery to attain widespread use as an in-vehicle driving 
force, significant enhancement in power and capacity, higher safety and reliability, 
and a substantial reduction in cost are necessary.
   Power density and energy density are expected to increase significantly through 
the implementation of high-voltage and large-capacity positive-electrode materials 
and large-capacity negative electrode materials. An all-solid lithium-ion battery 
that uses a sulfide material in the positive electrode and a lithium metal in the 
negative electrode is one of the promising candidates for this purpose. But there 
are still many challenges to be solved before such a battery can be used for practical 
applications. To overcome these challenges, research into the mechanism by 
which the battery exhibits its properties is essential, and cutting-edge techniques 
for analyses and evaluation are required. These subjects include: elucidation of an 
electrochemical mechanism that involves ionic diffusion inside the electrode and 
charge transfer through electronic conduction, and elucidation of ionic conduction 
behavior in the electrolyte from the standpoint on the nanoscale structure of 
materials.
   Up to the present, Japan has held the worldwide lead in lithium-ion technology. 
However, the government agencies and private enterprises in U.S., European 
countries, Korea, and China, among others, have been boosting their research 
efforts in recent years, aiming at greater sophistication of in-vehicle secondary 
batteries, which poses a threat to Japan’s retaining of its advantages in the future.
   In Japan, the government agencies have been carrying out much R&D for high 
performance lithium-ion batteries and related technologies, including component 
materials, innovative electrodes, and electrolyte materials. These publicly funded 
research projects should be run based on a grand design that is formulated by taking 
the overall aspect of development processes into consideration, from the incubation 
of generic/fundamental technology to practical realization and wide dissemination, 
wherein a special focus should be placed on assisting generic/fundamental R&D for 
the electrode and electrolyte materials used in all-solid lithium-ion batteries, from 
which the emergence of breakthrough properties is well expected.
Nanotechnology
and
Materials
p.343
Trends in R&D on Materials for High-power 
and Large-capacity Lithium-ion 
Batteries for Vehicles Applications
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Figure : Power density vs. energy density of currently available 
major batteries: directions for their vehicles applications
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Current State and Future Prospects of Action 
for Soil Contamination
   Soil contamination is one of the seven major forms of pollution. Unlike polluted air or 
contaminated water in public water areas, contaminated soil is unlikely to be diluted. 
   In Japan, the Soil Contamination Countermeasures Act was established in 2002 to 
reduce the risk of soil contamination. The act specifies methods of investigation and 
treatment to prevent health hazards. Many cases have been reported where investigation 
and remediation of contaminated soil were performed, in compliance with the 
procedures specified by the act. On the other hand, cases have also been reported where 
soil contamination has affected land sales contracts. In most of these cases, the cost of 
removing contamination exceeds the sales price. These sites usually become restricted 
areas or are treated only to prevent contamination from spreading, remaining as is 
without any sales transactions. Such land that is entirely unused or extremely underused 
compared to the extent to which it was originally used is called “brownfield” land. There 
are concerns that the increase in brownfield sites will cause environmental problems and 
affect regional economies and people’s lives.
   It will be a huge loss for Japan, with its small land area, if contaminated land is not put 
to use. Therefore, it is essential to establish low-cost cleanup methods and technology that 
enables more complete cleanup, and to act rationally to solve soil contamination. 
   Phytoremediation has been attracting attention as an inexpensive cleanup method. 
Phytoremediation reduces or controls the outflow of contaminated substances in soil, 
bottom sediment, groundwater, etc. through the use of grasses, trees, and rhizosphere 
microorganisms.
   In addition, it is critical to reduce the risk caused by contaminated substances to a level 
that does not create health hazards, if not to completely eliminate contaminated soil. To 
keep environmental risks within acceptable limits, it is hoped that progress will be made 
in research on environmental risk assessment. 
Figure : Cleaning up oil-contaminated soil 
using phytoremediation
(Original Japanese version: published in February 2010)
Environmental
Sciences
Source :  Reference[15]
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     There have been concerns that an increase in anthropogenic carbon dioxide, 
acknowledged to be a major contributor to global warming, is not only causing 
an increase in temperature and a rise in sea level but also affecting the ocean 
environment. There are organisms that have calcareous shells or skeletons near the 
ocean surface. The ocean surface usually has a high concentration of carbonate ions 
and calcium ions, and solid calcium carbonate can be chemically stable in such an 
environment. When the atmospheric concentration of carbon dioxide increases, 
the ocean absorbs more carbon dioxide, advancing ocean acidification and making 
it harder for organisms near the ocean surface to create or maintain calcium 
carbonate, which may impact ecosystems significantly.    
     Different communities of scientists have separately been expressing concerns 
about the advancement of acidification and its impact on ecosystems. In Europe, 
27 research institutes from nine countries are participating in a four-year research 
project called the European Project of Ocean Acidification, in order to better 
understand biological, ecological, geochemical, and sociological impacts of ocean 
acidification. In the United States, the National Academy of Sciences is conducting 
comprehensive research in response to request from the National Ocean and 
Atmosphere Administration (NOAA) and the National Science Foundation 
(NSF). In Japan, the Global Environment Research Fund by the Ministry of 
Environment has been used to make observations and conduct research concerning 
ocean acidification and other topics. In addition, ocean observations have revealed 
such results as that ocean acidification has gradually been advancing in the seas 
around Japan, and that the Arctic Ocean, in particular, has already developed 
some unsaturated areas with respect to calcium carbonate. Considering the impact 
of ocean acidification on organisms as well as on our social life, it is necessary to 
conduct not only basic ecological research but also research from a sociological 
standpoint. It is also essential to create a framework similar to the one in Europe 
for large-scale interdisciplinary and inter-organizational research, which also covers 
studies on social impact. 
5 Trends in Ocean Acidification Research p.68
(Original Japanese version: published in February 2010)
Figure : A kind of coccolithophore collected from the East Bering Sea shelf in September 
2006, when a substantial increase in the number of coccolithophores was 
observed. A healthy coccolithophore (left). A coccolithophore considered to be 
dissolved (right). 
Frontier
Source :  Japan Agency for Marine-Earth Science and Technology
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科学技術動向
概　要
海洋酸性化研究の動向
　地球温暖化の主たる原因とされている人為起源の二酸化炭素の増加は、温度上昇や海
面の水位上昇のほか、海洋環境に与える影響も懸念されている。海洋表層には、炭酸カ
ルシウムの殻や骨格を持つ生物が生息している。海洋の表層は、一般に炭酸イオンもカ
ルシウムイオンも十分に濃度が高く、固体の炭酸カルシウムが化学的に安定して存在で
きる状態にある。大気中の二酸化炭素濃度が増えると海洋にとけ込む二酸化炭素も増え、
海洋の酸性化が進行し、海洋表層の生物がこれまでより炭酸カルシウムを生成あるいは
維持しにくい環境となり、生態系に大きな影響を与える可能性がある。
　近年、研究者コミュニティ等から相次いで酸性化の進行と生態系への懸念が表明され
ている。このような状況を踏まえ、欧州では、9 カ国 27 の研究機関が参画し、海洋酸性
化による生物学的・生態学的・地球化学的・社会学的影響の理解を深めるための 4 年間
の研究計画“European Project of Ocean Acidification”が進んでいる。また米国では、
海洋大気庁（NOAA）と全米科学財団（NSF）から委託を受けた全米科学アカデミーが
包括的調査研究を実施している。我が国でも環境省地球環境研究総合推進費で海洋酸性
化問題を主題に、現状把握のための観測や研究が実施されている。また海洋観測からは、
日本近海では序々に酸性化が進行しつつあり、特に北極海においてはすでに未飽和海域
がある等の結果が得られている。海洋酸性化が生物に及ぼす影響、ひいては我々の社会
生活に及ぼす影響まで考慮すれば、生態学的基礎研究に加え社会学的視点の研究も必要
であり、欧州に見られるような、社会的影響調査も視野に入れた分野横断かつ機関横断
的な大規模研究の枠組みも必要である。
円石藻の一種。左が健全な個体、右が溶解の影響を受けたと思われる個体
出典：（独）海洋研究開発機構提供資料
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   Hydropower generation is drawing renewed attention as a renewable energy source 
from the perspectives of tackling global warming, dealing with a diversification of 
energy sources, and revitalizing local communities. Hydropower generation enjoys 
features such as lower carbon dioxide emissions throughout its lifecycle (including 
facility installation, operation and maintenance) than solar power and windpower, and 
low impact on power systems thanks to its ability to provide stable electricity generation.
   Japan is a mountainous country and has ample precipitation, and its land is suited for 
the application of hydropower. However, the proportion of hydroelectric energy used 
for hydropower generation is limited to just over 10%. On the basis of such situation, 
public facilitation measures are being developed to promote small-scale hydropower, 
which cause little environmental impact, and a variety of operating bodies including 
power utilities, municipalities, land improvement district, private companies, etc. have 
begin efforts to develop small-scale hydropower that utilizes untapped heads in existing 
infrastructure facilities such as dams, check dams, irrigation channels and freshwater-
supply and sewerage facilities, as well as in small-scale rivers. In the past, small-scale 
hydropower was not a main target of the national surveys of hydropower capability. As 
a result, public interest on small-scale hydropower have been inadequate. Furthermore, 
while it is necessary to continually utilize existing hydropower-generation facilities, some 
of them are experiencing problems such as sedimentation and water quality deterioration 
in dams and negative effects on the landscape and natural environment in the reduced 
river-flow sections.
   In the future, it will be necessary to develop new technologies and establish a common 
understanding with regard to the hydropower as a renewable energy source, and to 
address questions such as “How much hydropower can be utilized effectively by 
developing technologies to utilize various untapped heads of water energy economically 
and in harmony with the environment, by developing facilitation measures for 
hydropower?” and “What role can hydropower play in the future to realize a low-carbon 
society?”
Hydropower as a Renewable Energy Source 
in a New Era
Figure : Small-Scale Hydropower Plant in Tsuru City, 
“Genki-kun No.1”
Source : Reference[28]
(Original Japanese version: published in March 2010)
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Expanding Use of Web API
— Vast Potential of Mashup — 
Akihiro Fujii
 Affiliated Fellow
What Is a Mashup?
1-1  Emergence of the Mashup
   At present, Google, Amazon and other major 
commercial sites provide their information services, 
such as map database information on Google Maps, 
to users in a Web API (application programming 
interface) format. Users can use such information 
in combination with other information on their own 
sites, such as on personal blogs. Moreover, users can 
develop original applications with relative ease and 
provide new value-added information services.[18]
   This software development technique to combine 
Web APIs is called “mashup”.[5,6] In recent years, 
the use of mashups has been gaining attention in 
the IT field. Against this background is the fact that 
the personal use of Web APIs provided by major 
providers, such as Google Maps, has increased rapidly 
in portal sites utilizing SNS (social network service) 
blogs (SNS).[8,16]
   “Mashup” is a term that originated in the music 
world, and it means disc jockeys’ technique of creating 
a “new” song by using the instrumental track from 
one song and the vocal track from another song or by 
mixing together two or more tracks. In the IT world, it 
means, by extension, combining multiple applications.
   The term has been drawing attention in the field 
of software development since 2007, when Yahoo 
announced Pipes, a mashup tool for use by individual 
users. At present, backed by expanding use of Web 
APIs by individual users, moves to develop business 
applications by utilizing mashups’ data linkage 
function have been steadily increasing.
   Applying this technique to a business information 
system or business application is sometimes called 
an “enterprise mashup.” Thanks to the emergence of 
the data linkage technique, the pattern of software 
1
development and software-based service provision 
may undergo drastic changes, and this, in turn, may 
lead to the development of various new business 
applications by users. This is because, thanks to 
mashup technology, it has become possible for users 
to quickly and easily develop and release convenient 
functions by combining existing software components 
available on the Web, even if they do not have the 
knowledge to develop sophisticated software.[18]
1-2  Examples of Mashups
   To illustrate such possibilities, take, for example, an 
idea to establish a home-delivered pizza shop on the 
Internet.[2] Suppose there is a small pizza shop that is 
famous for making delicious pizzas. Let’s say that it 
is a family-run shop and is therefore unable to deliver 
pizzas. Upon receiving an order, the shop can make 
delicious pizzas on time, but it cannot deliver them.
   Meanwhile, another person gets the idea to open a 
virtual pizza shop on the Internet. Functions necessary 
for a virtual pizza shop are “delivery service” and 
“settlement service” in addition to “making pizzas 
at a specified time in accordance with an order.” The 
delivery and settlement services are to be provided 
by delivery companies and financial companies. 
Therefore, by simply making “request for” and 
“response to” data via the Internet, it is possible “to 
receive orders from customers,” “to place orders with 
a pizza shop having a pizza oven,” “to ask a delivery 
company to pick up the pizza on time,” “to have the 
pizza delivered,” and “to make settlement.” Needless 
to say, the “response” has to be backed by actual pizza 
making. So, this actual service of making pizzas is 
to be provided by the above pizza shop reputed for its 
yummy pizzas but unable to deliver them.
   By combining “requests” and “responses” in this 
way, it is possible to operate a new virtual pizza shop 
that has an added value of “capable of delivering to 
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Figure 1 : Virtual Pizza Shop by Mashup
distant places.” In other words, the new virtual pizza 
shop can sell delicious pizzas from existing pizza 
shops to people in larger areas by simply manipulating 
data linkage. Figure 1 shows how the service is 
provided.
   Previously, users had to follow these “requests” and 
“responses” procedures in sequence by themselves. 
However, if Web API is used, which will be described 
later, these procedures are automatically executed 
by computer software. This technology to link data 
that are the basis of information services provided by 
different entities by computer programming alone 
(which have to be backed by actual service provision) 
is called data linkage utilizing Web API. In this report, 
“mashup” will hereinafter be used to mean providing 
information services through data linkage utilizing 
Web API.
Data Linkage by Web API
2-1 Release of Web API on the Internet
   The information provided by mashup technology 
consists of Web APIs that mostly correspond to 
information resources. As the basic premise of the 
usage environment, we assume a general information-
processing environment that allows communication 
of information on the Web via the Internet. These 
element technologies will be explained one by one.
   Information resources are contents and data 
accumulated in the database. They are information 
contents and data of information services provided 
by Web APIs, or information processing application 
functions (for instance, information retrieval). These 
resources are premised to be provided via the Internet. 
For instance, the image data of large-scale maps is one 
of them.
   Web API provides interface functions to utilize 
such information resources via a network. Such 
information is basically described in a computer 
language called XML (eXtensible Markup Language). 
By using this text format, the input and output 
necessary for processing can be distributed on the 
network, while the structure of data that forms the 
basis of information resources is expressed by tags. 
Information distribution can be flexibly realized 
by this framework. Figure 1 shows a virtual pizza 
shop realized by mashup technology. Figure 2 shows 
examples of XML documents that are used at the time 
of booking. Items such as “type of pizza,” “delivery 
time,” “name of the person who placed order,” and 
“his/her name” are written in a prescribed format. 
In XML, these items are designated by tags such 
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やっているので配達ができない。ＦＡＸ等の手段で時間を指定して注文してもらえれば、その時
間に合わせて、おいしいピザを焼くことはできる。しかし、配達はできない。 
一方、別の人物が、インターネット上で仮想のピザ店を開くことを着想する。仮想ピザ店を開設
するために必要な機能は、「ピザの注文を受けて指定された時刻にピザ焼くこと」に加えて、「宅
配サービス」、「決済サービス」などである。宅配や決済のサービスは、宅配事業者や金融業者5 
によって提供されている。したがって、「ネット上で客の注文を受け付けること」「ピザ窯を持つ店
にピザを発注すること」「宅配業者に出来上がりの時間にピックアップを依頼すること」「注文主に
配送されること」「決済を行うこと」、はインターネットを介したデータの「要求」と「応答」の形式で実
現だけで実現できる。もちろん、「応答」の背後には、具体的にピザを焼くという作業が行われる
必要がある。そこで、この部分は前述の評判は良いけれど配達できないピザ店に実際のサービ10 
スを依頼する。 
彼はこれらの「要求」と「応答」を組み合わせた新しいサイトをオープンすることにより、従来のピ
ザ店に「遠くまで配達できる」という付加価値をつけた、新しいネット上のピザ店を経営することが
できる。すなわち、新たに開設されるネット上の仮想ピザ店は、データの連携を操作するだけで、
より広い範囲に住む人々に既存のピザ店のおいしいピザを販売することができることになる。この15 
ようなサービスの提供方法を模式的に表現したのが、図表１である。 
以前のインターネットの利用では、これら複数の「要求」と「応答」を、ユーザが手順を追って行
う必要があった。ところが、後述する Web API（Application Programming Interface）を利用
すれば、この手順は、コンピュータソフトが自動的に実行してくれるようになる。このように異なる
主体が提供する情報サービス（その背景にはそれぞれの提供する実際のサービスが控えてい20 
る）の基となるデータの連携をコンピュータのプログラムのみで実施する技術が Web API を利
用したデータ連携である。本稿では、これ以後、「マッシュアップ」を、このように Web API を利
用したデータ連携により何らかの情報サービスを提供するという意味で用いる。 
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Prepared by the STFC
Figure 2 : XML Schema on Order Slip of Pizza Shop
as “Pizza Name.” In order to distribute information 
in XML format, it is necessary to prepare separate 
documents called “XML schema” defining the 
meaning of such tags, and share them.
   The virtual pizza shop communicates the “type of 
pizza” and “delivery time,” i.e.,  the timing of actually 
making the ordered pizza, to a real pizza shop that 
has a pizza oven, and “delivery time” and “address” 
to the delivery company. Price, delivery destination 
and other information, which are structured by 
a series of tags defined by the XML schema, are 
delivered to separate Web APIs, which, in turn, send 
the information to different programs on separate 
computers connected to the Internet. The computers 
analyze the tagged information and execute necessary 
processing, such as delivery and settlement. In order 
for multiple business entities (in this particular case, 
the pizza-making shop, the delivery company, and 
the payment settlement company) to cooperate in 
providing the service described above, it is necessary 
to jointly operate the XML schema to realize a virtual 
pizza shop.
2-2 Mashup Tools and Development Examples
   In order to do a mashup by using multiple Web 
APIs, a software development environment needs to 
combine more than one Web API.
   For instance, Google makes its development 
environment, called “Google Web Toolkit,” available 
to general users. Among other development 
environments are Pipes (Yahoo! Inc.), Mashup Center 
(IBM Corp.), and ToofTop (SAP AG). In Japan, 
the Intramart of NTT Data Corp. provides similar 
functionality10]. These development environments are 
equipped with graphical operation screens, making it 
easy to combine available information resources via 
Web APIs.
   Figure 3 shows a sample website we have prepared 
by using such tools. We calculated tidal information 
on the coastline in various parts of the country and 
released the calculated data via Web API and at the 
same time mashed up the data with a map formation 
data provided by Google Maps. The site also displays 
weather forecast information made available by a 
different information provider and mashed up with 
the map information. The site is on the Google App 
Engine, which is a cloud-computing environment 
provided by Google.
   Another similar example is a site that provides 
information on environment problems by combining 
an API for collecting news articles and comments on 
environment problems and an API for obtaining area 
map information. There are also other interesting 
examples, such as the one that provides regional 
weather information services by combining map 
information and weather data, and the one that 
supports business trips by combining the function to 
display the results of path search and the information 
on accommodation provided by a travel agency.
   It is not so difficult for people with programming 
experience at a university to do a mashup and release 
new services by utilizing such tools. In fact, many 
users have developed and released systems meeting 
their needs with relative ease (6).
2-3 Background Leading to the Development of 
Web API
   The emergence of the mashup technique is attributed 
to the fact that the method to link data by using API 
on the Web has technically matured. Here, we would 
like to take a brief look back on the historical evolution 
of software engineering from the aspect of data and 
application linkage.
2-3-1 Contribution of Distributed Object-Oriented 
Technology
   One of the important element technologies 
supporting mashups is the progress of Web API. 
The maturity of this technology is attributed to the 
progress of “distributed object-oriented technology,” 
a software engineering technology. First, a software 
design development technology, which is called 
“objected orientation,” was proposed in the 1960s, 
leading to a concept of software componentization 
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２�Web API によるデータ�� 
  
２� １ インターネット上での Web API の�� 
 
マッシュアップで提供されるサービスは、概ね情報資源と対応する Web API から構成される。5 
まず、利用環境の大前提として、インターネットを介して Web により情報の授受が行える一般的
な情報処理環境を想定している。これらの要素技術を順に説明する。 
情報資源とは、データベースに蓄積されたコンテンツやデータである。Web API によって提
供される情報サービスの中身情報コンテンツやデータ、または何らかの情報処理アプリケーショ
ン機能（例えば情報検索など）がこれにあたる。これらの資源はインターネットを介して提供される10 
ことを前提としている。例えば、大規模な地図の画像データがこれに対応する。 
Web API とは、こうした情報資源をネットワークを介して利用するためのインタフェース機能を
提供するものである。その情報は、基本的には、XML(eXtensible Mark-up Language)と呼ば
れる言語によって記述されている。この表現形式を用いることで、処理に必要な入出力をネットワ
ーク上で流通できるテキスト形式の文字で扱い、タグと呼ばれる機能で情報資源の源となるデー15 
タの構造を表現する。情報の流通は、こうした枠組みにより柔軟に実現できる。図表１の例では、
仮想的なピザ店をマッシュアップによって実現した。図表２にこの例における、ピザの予約時に
利用される XML 文書例を表している。一定の書式で『ピザの種別』『配達時間』『注文主の氏
名』『住所』等が記載されている。XML では、これらの項目は、<PizzaName>などのタグで指定
されている。XML によって、情報流通を行うためには、こうしたタグの意味を共通に規定する文20 
書として、「XML スキーマ」と呼ばれる文書を別に用意し共有しなければならない。 
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Prepared by Computer System Development 
Co. by using Google Map
Figure 3 : Example of Mashup (Tidal Information 
and Map Information)8
gaining ground. And, in addition to the object 
orientation, languages designed for use on networks 
were proposed. The Java language created in the 
1980s is one of them. In the 1990s, methods to release 
information via the Internet were developed and 
they spread rapidly, leading to the general use of the 
Internet to share information resources via networks. 
Based on the concept of “software componentization 
for networking,” a software development technology 
called “distributed object orientation” was proposed. 
In 1989, an international industry consortium called 
Object Management Group (OMG) was established 
with the aim of standardizing object-oriented 
technologies and promoting their diffusion. The OMG 
formulated a specification called CORBA (common 
object request broker architecture). CORBA is a 
design technique to develop software by combining 
software components distributed on networks.
   In this way, the two basic concepts — the idea 
of compartmentalizing software and the network-
mediated software — were established in the 1990s.
2-3-2 Contribution of Web Service-Related 
Technologies
   When its concept was first proposed, the “distributed 
object-oriented technology” drew much attention. 
However, it was not widely utilized in the 1990s 
due mainly to the complexity of the development 
process and the slow processing speed of computers. 
The biggest reason was that, in CORBA, a unique 
communication means had to be implemented for 
object-to-object communications.
   Meanwhile, a move to make use of communication 
methods widely used in the Internet world began 
around 2000. The W3C (World Wide Web 
Consortium) defined a standard called SOAP (simple 
object access protocol). Since SOAP uses HTTP 
(hypertext transfer protocol), a communication 
means generally used for the Web, it does not need 
to implement a unique communication means for 
object-to-object communications. The W3C defined 
SOAP as the core standard in the technical field of 
“Web services.” The growth of the standard system 
concerning Web services has contributed to improving 
the environment for the usage of Web APIs. In order 
to realize a mashup, it is necessary for there to be a 
mutual exchange of information among Web APIs. 
Moreover, for such data linkage by Web APIs, it 
is necessary for there to be interoperable machine-
to-machine interaction functions defined by “Web 
services.” The adoption of SOAP for information 
exchanges among Web APIs has made it possible to 
link software in a more flexible way, leading to the 
increased use of mashups. In other words, it can be 
said that the componentization of application software 
and the use of application software have matured and 
that they have come within the reach of general users.
2-4 Relationship between Mashup and Other Web 
2.0-Related Technologies
   In this section, we would like to look at the 
relationship between mashups and other technical 
terms in the information and communication 
field. The mashup is recognized as one of the Web 
2.0-related technologies. Web 2.0 has been a new 
way of utilizing the Web since the mid-2000s. Free 
encyclopedia “Wikipedia (Japanese edition)” explains 
the concept of “Web 2.0” as follows.
   “(Web 2.0) is a concept put forward by Tim 
O’Reilly. Narrowly speaking, it refers to a change in 
the condition of Web utilization. Previously, the flow 
of information was one-sided, from fixed senders to 
fixed receivers, but now anyone can send information 
to anyone.”
      In what follows, we would like to outline the 
relationship between “mashup” and Web 2.0-related 
technical terms, such as SOA, SaaS, and Web 
services, to help explain the trend of the use of Web 
APIs, mainly mashup.
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仮想的なピザ店から、『ピザの種別』と『配達時間』すなわちピザを焼くタイミングは窯をもつ現
実のピザ店に伝えられ、宅配業者には『配達時間』『住所』が伝えられる。XML スキーマによって
定義された一連のタグによって構造化された価格や配送先などの情報は、それぞれ必要な別の
Web API に引き渡される。これらの Web API は、インターネットに接続された別のコンピュータ
の異なるプログラムに情報を送る。それらが、がタグに囲まれた情報を解析し、配送や決済処理5 
など必要な処理を実行する。このとき、複数の企業体（この場合は、ピザを焼く店、宅配業者、決
済業者）が、この例で語るようなサービス連携を行うためには、仮想的なピザ店実現のための
XML スキーマを共同で運用する必要がある。 
 
２�２ マッシュアップツールと開発�例 10 
 
複数の Web API を利用してマッシュアップを行う場合、複数の Web API を組み合わせるソ
フトウエア開発環境が必要である。 
例えば、Google は、「Google Web Toolkit」と呼ばれる開発環境を一般の利用者に提供して
いる。こうした開発環境としては、Pipes（Yahoo! Inc.）、Mashup  Center(IBM Corp.)、15 
RoofTop(SAP AG)などが存在する。日本国内では、(株)NTT データが提供する Intramart が
同様の機能を提供している。[10]これらの開発環境は、グラフィカルな操作画面を備え、Web 
API などを介して提供される情報資源の組み合わせを容易としている。 
図表３は、筆者らがこうしたツールを利用して試験的に作成した Web サイトの例である。独自
に各地の海岸線における潮汐情報を計算し、そのデータを Web API を通じて公開するとともに、20 
大手情報プロバイダーが提供する地図情報のデータとマッシュアップを行っている。このサイトで
は、地図サービスの情報と別のプロバイダーが提供する天気予報の情報もマッシュアップして表
示している。このサイトは、Google の提供するクラウドコンピューティング環境である Google 
App Engine 上で公開している。 
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2-4-1 Position of Mashup in New Design Concept
   Mashup is one of the specific methods for realizing a 
new design concept in the construction of information 
systems. In recent years, a design concept called SOA 
(service-oriented architecture) has been drawing 
attention in information systems for sharing services. 
SOA is “a basic software structure based on a service 
unit.” Basically, users enjoy services provided by 
software by utilizing the Web or other computer 
interfaces. The important point in SOA is that the 
entities “utilizing” services do not necessarily need to 
be human beings. There may be cases where different 
computers utilize services offered by other computers 
through the Web or other general interfaces. The 
“distributed computing,” which was described earlier, 
is one such example. In short, SOA defines distributed 
computing from the aspect of services. In order to 
realize SOA, flexible data linkage is essential, and 
mashup is one of the techniques to realize a SOA 
software design concept. However, although mashup 
is one of the main techniques to support SOA, it does 
not necessarily mean SOA itself.
2-4-2 Relationship between Mashup and Software 
Distribution Method
   In developing a software system, the concept of 
SaaS (software as a service) is just as important as 
SOA. SaaS is a software distribution method for 
providing the functions that have conventionally 
been provided in packaged software, as services via 
the Internet and browsers. Users pay periodic fees 
in accordance with the volume of services or fixed 
fees, instead of purchasing the software license. The 
benefit of adopting SaaS is that it allows flexible 
construction of information systems and swift changes 
of systems to meet the demands of the times. SaaS is 
a method to provide software from the standpoint of 
user convenience based on the SOA design concept 
explained in the previous section. Therefore, many 
corporations have begun to adopt SaaS to support 
their information systems, in particular, for office 
document and format processing.
   Web API is essential as an information resource 
interface to establish SaaS environments. Conversely, 
in software systems based on SaaS, it is possible to 
develop enhanced Web API environments that can 
be utilized in mashups. SaaS does not necessarily 
have to be combined with mashups. However, if the 
provision of software by SaaS spreads, it will increase 
the materials for information services that can be used 
in mashups. In other words, the mashup is one of the 
techniques used by vendors trying to develop SaaS 
environments and corporate information departments 
providing corporate information systems to produce 
effective applications.
   For example, a platform called J-SaaS has been 
developed under the initiative of the Ministry of 
Economy, Trade and Industry. Existing and new 
software can be used on this platform. Although the 
services provided on the platform so far have been 
mostly existing software, just in different packages, it 
is expected that more mashup-oriented Web APIs will 
be developed in the future.[12]
2-4-3 Relationship between Mashup and Web Services
   As described in 2-3-2, the form of providing 
information services as Web API was standardized 
and matured in the technology system called “Web 
services.” The system was standardized by an 
organization called W3C, which is headquartered in 
Boston, Mass.[1,9] In the Web service system, service 
functions are stratified and defined. Among them, 
what is particularly important for mashups is that 
the standard communication protocol SOAP for 
exchange of XML documents among Web APIs is 
defined by using HTTP (hyper text transfer protocol), 
a protocol normally used on the Internet. The 
advance in communication technology concerning 
XML documents, which was brought about by the 
development of SOAP, has led to the progress of data 
linkage technology utilizing Web APIs.
Trends in Mashup Research 
and Development
3-1  Business software development trend
   With regard to trends concerning mashups as 
business software, first of all, the use of Web APIs 
has increased rapidly among general users. With the 
kinds of Web APIs increasing, the environment to 
utilize them has matured. The mashup has come to 
be recognized as a practical software-development 
technique. However, the Web APIs used by many 
people are mostly those provided by major Internet 
service providers, such as Google. By using such Web 
APIs, many users have developed mashup sites.
   ProgrammableWeb.com, a U.S. mashup portal 
site, has surveyed examples of mashup development. 
3
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Prepared by the STFC based on Reference[11]
Figure 4 : Kinds of Mashups
ProgrammableWeb.com is a site for registering 
mashup sites combining APIs developed by users 
and existing APIs. It provides links to such mashup 
sites11]. The number of services built by using 
registered mashups increased from about 3,600 at the 
beginning of 2009 to more than 4,500 at the end of the 
year.
   Figure 4 is a breakdown of examples of mashups 
developed by users. It shows which Web APIs were 
used for building mashups. It reveals that many of 
the mashups utilize the APIs released by corporate 
sites, such as Google and Amazon. About half of the 
mashups utilize Google maps, followed by Flickr, 
YouTube, Amazon, and Twitter. We are interested to 
know if Web APIs provided by providers other than 
the major ones will increase in the business field.
   Next, we would like to give some specific examples 
of mashup services. First, there is a development 
example of trying to integrate electronic application 
systems to realize one-stop administrative services. 
It is designed to integrate various application services 
provided by different administrative agencies by 
utilizing mashups.[13]
   There is also an example of providing catalogue 
information on machine parts. Huge amounts of 
a catalogue of a wide variety of machine parts are 
produced in print formats at their distribution stage. 
If product information is provided by utilizing Web 
APIs, it will be possible to retrieve catalogues of 
various purposes from a common merchandise 
database.[16] There are also sites that provide various 
services in Japanese.[17]
3-2 Research and Development for Mashup
3-2-1 Presentation examples at international 
academic meetings
   Reports on the results of mashup research and 
development began to appear in around 2005. 
Documents[19,20] are examples of reports presented 
at a recent international academic conference. The 
documents discuss design concepts to flexibly develop 
business software by using mashups.
   There are also examples of research on software 
development tools to support mashups. For instance, 
document[21] discusses a development support system 
to help business persons who are not familiar with 
Web programming skills to develop applications by 
using mashups.
3-2-2 R&D examples in Japan
   Now, let me introduce some related research 
examples in Japan. It is said that, in mashup 
development, introducing an “aspect-oriented” 
approach, in addition to object-oriented software 
development technique, is effective in enhancing 
productivity. In fact, development environments 
incorporating such aspects have been proposed.[14]
   The good point about mashups is that even people 
who do not have high programming skills can 
construct functions to meet their needs. At present, 
in order to develop services, it is necessary to have 
professional knowledge about developing software 
by mashup and the ability to make free use of 
development tools. For this reason, proposals have 
been made for the development of simpler mashup 
development technique and modularizing technique to 
make coding simple.[15]
3-2-3 Research Projects in EU
   We would like to introduce R&D examples in 
Europe. Service Centric Software Engineering 
(SecSE) is a research project implemented by the 
European Union for four years ending in 2008. The 
project was carried out with the aim of developing 
effective techniques and tools to support the 
development and use of services and service-centric 
applications. The overall budget for the project was 
€15.2 million (about \1.98 billion), with €9.2 million 
(about \1.2 billion) of them funded by the European 
Commission.[2]
   In March 2008, a successor project called FAST was 
initiated under the FP7 (seventh framework program 
for research and technological development). The 
project will be carried on until the end of March 2011. 
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次に、マッシュアップによる具体的なサービスの事例を挙げる。まず、ワンストップの行政サー
ビスの実現を目指し、電子申請システムを統合しようとする開発事例がある。異なる行政機関に
よる申請サービスをマッシュアップによって統合するためのものである。[13]また、機械部品のカ
タログ情報を提供する例もある。多種多様な機械部品は、その流通段階で膨大な量の商品カタ
ログが主に印刷物として製作されている。製品情報の提供が Web API で行えれば、用途の異10 
なる様々なカタログを共通の商品データベースから参照できる。[16]その他、日本語で利用でき
るサイトでも様々なサービスが登場している。[17] 
 
��２� マッシュアップに関する研究開発 
 15 
��２�１�  国際学会の発表例 
 
マッシュアップに関する研究開発の報告は、2005 年頃から始まった。例えば最近の関連する
国際学会発表の例としては、文献[19][20]などで、マッシュアップを利用して柔軟にビジネスソフ
トを構築する際の設計思想が論じられている。 20 
また、マッシュアップを支援するソフトウエア開発ツール等の研究例もある。例えば、文献[21]
は、多くの WebAPI が活用できる環境を想定し、営業部門の要員などプログラミングスキルの高
くないビジネスパーソンがマッシュアップによってアプリケーションを構成する場合のコンピュータ
による開発支援システムに関して論じている。 
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Its overall budget is €5.5 million (about \720 million), 
with €3.5 million of them provided by the FP7.[22]
   The European projects mentioned here are attempts 
not only to simply utilize Web APIs but also to 
develop platforms for linking services of multiple 
corporations. They are aimed at developing better 
software development techniques, including mashups, 
by looking at the future direction of software 
development from the perspective of “service.”
Future  Trends  Concern ing 
Enterprise Mashup
4-1 Effective range of mashup
   Mashup is drawing attention from the perspective 
of developing flexible information services, especially 
in a corporate information system, which is called an 
“enterprise mashup.” Here, we would like to look at 
the potential of Web mashups, in particular from the 
aspect of corporate information system.
   From the perspective of a corporate information 
system, the effectiveness of mashup is explained 
as follows. Figure 5 shows needs for information-
providing services. The horizontal axis lists the 
candidates of necessary information services and 
the vertical axis shows potential utilization of 
respective services. Needs for information services 
have an elongated tail that can be approximated by 
an exponential function. In reality, however, since it 
is difficult to measure potential needs and therefore 
difficult to draw a continuous curve line, Figure 5 is 
just a conceptual diagram.
   Generally speaking, information services provided 
by corporations are frequently used by many people. 
This corresponds to the leftmost range in Figure 5. 
On the other hand, it is said that building functions 
to provide new information services by mashup 
may correspond to potential needs for information 
services in the central range in Figure 5. Recent Web 
technologies, such as Web API and mashup, are 
believed to expand their applications in organizational 
information service provision at relatively low costs.
4-2 Supply and provision of services in corporate 
information system
   Figure 6 divides the possibility of the use of mashups 
in a corporate information system into four areas from 
the aspect of supply and provision of services. Here, 
we would like to examine the possibility of in-house 
use of mashups by corporations based on document.[6]
Area 1: Provision of outside services to outside users 
(customers)
Business area where corporations provide outside 
information to outside users by adding some value, on 
the basis that existing services are being provided by 
Web API, etc. through SaaS platform.
Area 2: Provision of inside services to outside users
Providing corporations’ valid information services 
to outside users. Disclosure of information to 
affiliated companies via the Internet has already been 
implemented on a trial basis. For instance, it may be 
possible to provide inventory information on products 
the company trades to counterpart companies. 
Providing such information as mashup-able Web API 
may increase in the future.
Area 3: Provision of inside services to in-house users
This refers, for instance, to a system to efficiently 
convey technical information on in-house products to 
sales personnel. In fact, start-up information vendors 
advocating enterprise mashups have already begun to 
propose such a system.
Area 4: Provision of outside services to in-house users
If an environment is established where external 
resources, such as Web API, are abundantly provided, 
the use of external resources that are provided in the 
form of Web API will increase in order to enhance in-
house information services.
   Of the classified areas above, the use of Area 1 
and Area 4, in particular, is said to expand, because 
the needs for them are increasing for the following 
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Figure 5 : Effective Range of Web API and Mashup
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広がる Web API の�用 �マッシュアップの幅広い可能性� 
藤井章博（情報通信ユニット客員研究官） 
 [�要]     
 
「マッシュアップ mashuup」と呼ばれるソフトウエア開発技法が普及しつつある。この流れは、5 
Google Maps のような大手情報プロバイダーが提供する情報サービスを個人のブログなどで利
用することを契機に普及が拡大し、「エンタープライズ・マッシュアップ」と呼ばれるような企業情
報システムでの利用も始まっている。この技術は、Web API（Application Programming Interface）
を利用して複数の情報源から提供されるデータの連携を図るものである。 
こうしたデータ連携、サービス連携の技法が登場したことによって、ソフトウエア開発およびソフ10 
トウエアに基づくサービス提供の形態は今後大きく変化する可能性がある。なぜならば、利用者
は特に詳細なソフトウエア開発の知識がなくとも、Web 上で利用できる既存のソフトウエア部品を
組み合わせることによって、利用者自身にとって便利な機能を短期間に容易に開発し公開する
ことができるからである。マッシュアップによって新たな情報サービスを提供する機能を構築する
ことは、図の真ん中の領域における情報サービスの潜在的ニーズに対応できる可能性があると15 
いわれている。 
この技術を新しいサービスの創出に結びつけるためには、既存のデータベースを幅広い利用
に供するために Web 上に再利用できる Web API 形で公開することが求められている。さらに、
データの連携が有効に機能するためには、その領域で共通に利用する連携のルールが必要と
なる。マッシュアップを利用するという状況では、具体的には、XML スキーマの定義に反映され20 
る。そこで、公開情報に関する規制緩和などの施策に加えて、業界団体などのデータ連携およ
びサービス連携の試みに対する支援策などが有効であろう。その際、スキーマの開発や利用の
過程がオープンであることがこの分野の技術革新にとって重要である。 
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Figure 6 : Relationship between supply and provision of 
services
reasons. For one thing, there is a strong need to 
flexibly and effectively utilize existing in-house 
IT resources. Corporations have accumulated 
information in relational databases for various 
purposes. Among such information are client 
information, product information and trading records. 
Since such information can be easily accessed from 
inside by Web API, it may lead to a new way of 
utilizing information by using mashup applications.
   Meanwhile, corporations’ use of information 
services available on the Internet is expected to 
further increase in the future. This is because there are 
attractive services for corporate activity and because 
corporations want to actively utilize such services. 
Moreover, if information accumulated individual-
by-individual and sector-by-sector also proves useful 
for other people, it will open the way for providing 
such information to a wide range of users. Besides 
the information services provided through corporate 
information systems, there are also databases that are 
used by limited individuals or departments to conduct 
business activities. Making such databases available 
to others may lead to a new way of in-house use of 
information.
   Whether it is data linkage or service linkage, it goes 
without saying that there must be certain rules for 
linkage. When using a Web API, it is necessary for 
persons involved to define common rules on the XML 
scheme of the targeted area.
Conclusion
   In this report, we have described the spread of the 
use of Web APIs, explained mashups, a technique to 
combine them, and talked about the trend of advanced 
software engineering.
   At present, the modes of use of information systems 
that are collectively referred to as Web 2.0 or cloud 
computing has been expanding, and information 
system design concepts, such as SOA and SaaS, 
have become widely used in the field of software 
development. Under such circumstances, it is 
important to be able to link data and services flexibly 
via the Internet. Mashup is a technology to realize this 
via Web API. The term “mashup” may be nothing but 
a passing keyword in the field of IT. This is because a 
framework to effectively link different organizations’ 
data via the Web has matured. Since this is expected 
to become a new trend in the development and 
operation of corporate information systems, trends in 
software technology merit attention. If a mashup-like 
technique comes to be utilized in the business field, 
its advantage of being able to provide new functions 
in a short period of time at low cost will prove to be 
effective in increasing business efficiency, especially 
for small and medium-sized enterprises.[6,18]
   In order to create added value by linking data, it 
is necessary to accumulate valuable data and make 
them available in such forms as Web API. Therefore, 
as a measure to promote the creation of new services 
by mashup, it is first necessary to encourage data 
accumulation in individual business areas. It is true 
that databases have been constructed for various 
purposes. However, in order to link them with new 
services, it is necessary to promote a wide use of such 
databases by releasing them in a recyclable way.
   Moreover, in order for a data linkage to function 
effectively in a specific business area, “linkage rules” 
that can be commonly used in the business area must 
be in place. In the case of using mashup technology, 
the rule is XML schema definition. For instance, in 
order to implement EDI (electronic data interchange) 
for the distribution of products of a certain field, it is 
necessary to develop XML schema for shared use 
by companies involved. For expanded use of XML 
schema, it is effective to provide supports to business 
bodies’ data-linkage and service-linkage attempts, in 
addition to implementing deregulation measures on 
open information. In doing so, for the sake of technical 
innovation in this field, it is important for the process 
of the development and utilization of schemas to be 
open.
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Introduction
   The IT Strategy Headquarters, which was 
established by the government, published a program 
document titled “e-Japan Strategy.” The roadmap aims 
to “create a knowledge-emergent society that fosters 
diverse creativity through the exchange of knowledge 
among citizens” and specifically envisions an ideal 
society where “information on public administration 
will be readily available at home or work, and all will 
be able to receive one-stop administrative services 
for address changes in the family register, filing and 
paying taxes and other such services.”
   The e-Japan Strategy specifies three priority policy 
areas – “establishment of an ultra high-speed network 
infrastructure and competition policies,” “facilitation 
of electronic commerce,” and “realization of an 
electronic government.” With regard to the basic 
idea of “realization of an electronic government,” the 
strategy states as follows.[1]
  An elect ronic government is a means to 
comprehensively reform public administration. 
Under an electronic government, administrative 
transactions among government offices or 
between governments and citizens/businesses 
that have been conducted on a document and/or 
meeting basis will be made available online, and 
information will be shared and utilized instantly 
across various central and local government offices 
through information networks. This, however, 
does not mean just putting the existing public 
administrative services online. Rather, it requires 
carefully planned investment from medium- and 
long-term viewpoints and involves essential reform 
of administrative works, streamlining of redundant 
5
1
works and projects undertaken by different 
ministries and agencies, and revisions of relevant 
systems and laws. Namely, it is necessary to make 
public administration simpler and more efficient, 
and lessen the burdens on citizens and businesses.
 Such an electronic government will enable 
everyone to utilize all services provided by 
central and local governments without constraints 
of time and location, realize more comfortable 
and convenient life for everyone, and revitalize 
business activities. Namely, substantially all the 
administrative procedures will be accepted for 24 
hours via the Internet, contributing to the dramatic 
improvement in convenience of the people and 
businesses.
 Thus, an electronic government will form a social 
infrastructure on which the Japanese society as a 
whole can enjoy the benefits brought about by IT.
   Since then, the establishment of an electronic 
government system has been continuing for nine 
years. As a result, now almost all types of applications 
to the government can be made electronically.
   As the basic idea above suggests, there are two 
factors in an electronic government – one is making 
administrative transactions among government offices 
online and the other is making transactions between 
governments and citizens online. And in the latter, 
there are two aspects – one is application service, 
which moves from citizens to administration, and the 
other is information disclosure, which moves from 
administration to citizens. Moreover, since the basic 
idea calls for information to be shared and utilized by 
central and local government offices in an integrated 
fashion, we also have to take local e-governments 
into consideration. Since the scope of area is so vast 
and complicated, we would like to focus on citizens’ 
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Table 1 : E-Government Readiness Ranking in 2010
Source: Relevant website of the United Nations[2]
electronic applications to governments.
Evaluation of the Current Status
2-1 International Comparison by the United 
Nations
   How is Japan’s e-gover nment evaluated 
internationally? The United Nations has an 
information source called the “UN E-Government 
Development Knowledge Database.”[2] The UN 
surveys member countries’ e-government readiness 
index and publishes their comparative rankings on its 
website on a regular basis. Their rankings in 2004, 
2005 and 2008 are available in book form and the 
2010 edition of rankings is available in electronic 
form.
   Figure 1 shows the top 10 countries listed in the 
2010 edition. Most of them are European countries, 
but South Korea ranked at the top of the list.
  According to the results of the 2010 survey, Japan 
ranked 17th in the readiness index at 0.7152, down 
from 11th in the 2008 survey, falling below those 
of Australia, Singapore, Bahrain, New Zealand, 
Germany and Belgium in two years.
   The readiness index can be divided into several 
factors.[3] However, a comparison of the index between 
first-ranked South Korea and Japan shows that Japan 
was assessed lower than South Korea in all factors, 
with its e-government development index standing 
at 0.715 vs. South Korea’s 0.879, online service index 
at 0.673 vs. South Korea’s 1.000, telecommunication 
infrastructure index at 0.524 vs. South Korea’s 0.639, 
human capital index at 0.950 vs. South Korea’s 0.993, 
and e-participation index at 0.757 vs. South Korea’s 
1.000.
   As the survey results show, Japan is not regarded as 
an advanced country in terms of e-government.
2-2 Evaluation by E-Government Evaluation 
Committee of the IT Strategy Headquarters
   In Japan, the e-Government Evaluation Committee 
was established under the IT Strategy Headquarters 
in 2006. The purpose of the committee is to conduct 
strict examination and evaluation of various measures 
related to e-government from various aspects, 
including cost-effectiveness. Since its establishment 
in 2006, the committee has published its evaluation 
results every year.[4]
   The original data that are included in the report, such 
as the utilization ratio, are published by the Ministry 
of Internal Affairs and Communications every year. 
According to a press release issued in August 2009, 
 There are 14,327 kinds of procedures that are 
subject to digitization, and 13,129 (92%) of them 
can now be applied for or registered online.
 A total of 469.61 million procedures have been 
digitized. Of them, online was used in 159.98 
million (34.1%) cases, up 12.2 percentage points 
from fiscal 2007.
 The ratio of online utilization for the 71 priority 
procedures (covering 76.5% of total application/
reporting cases) that were selected in the “Action 
Plan for Expanding Online Use” was 50.6%. [5]
   The ministry said in the report that the utilization 
rate increased thanks to ministries’ efforts such as 
“simplification of presetting work for electronic 
certification of public personal identification,” 
“improvement of user-friendliness of electronic 
application system,” and “enhancement of economic 
incentives, such as reduction in fee in the case of 
Rank order Country Readiness Index
1 South Korea 0.8785
2 U.S. 0.8510
3 Canada 0.8448
4 U.K. 0.8147
5 Netherlands 0.8097
6 Norway 0.8020
7 Denmark 0.7872
8 Australia 0.7863
9 Spain 0.7516
10 France 0.7510
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online use.”
   The evaluat ion commit tee made several 
improvement proposals, including “1 study on 
strengthening the control tower function to promote 
e-government in a comprehensive manner and 
establishing government CIO,” “2 development 
of evaluation system,” “3 improvement of cost-
effectiveness by revising business processes and 
integrating systems among administrative agencies in 
order to establish a highly convenient e-government 
for users, instead of shutting down systems simply 
because of their lower utilization rates.”
   According to opinions solicited by the Cabinet 
Secretariat from the public on electronic applications, 
many people raised fundamental questions, in 
addition to complaining about individual applications. 
Among them are that ministries and agencies (public 
servants) should “do some rethinking themselves” 
before soliciting public opinions, “eliminate vertically 
divided administrative functions,” “strive for early 
realization of the standardization of businesses 
among ministries and agencies,” and “promote the 
e-government concept under the strong leadership of 
the IT minister”.[6]
2-3 Results of Usability Test
   In connection with the development of e-government 
usability guidelines, which will be described later, 
usability testing of the existing systems in Japan 
was conducted in 2008 through 2009.[7] In electronic 
applications for bonus payment registrations, the 
time required for social insurance labor consultants, 
who used online for the first time, to complete the 
procedure was 6.2 times longer than that required for 
their counterparts who are familiar with online usage. 
In a similar fashion, the time required for novice 
online users to complete electronic applications for 
the registration of acquired qualification was 4.8 times 
longer than that required for those familiar with online 
usage.
   The comparison of the time required by a novice 
user and the time required by an expert user is 
called the novice-expert ratio. It can be said that 
the smaller the ratio is, the more superior and user-
friendly the user interface is. In the case of operating 
an automobile, a novice-expert ratio of less than 2 is 
targeted.
   The fact that the novice-expert ratio of the time 
required to complete electronic application was over 
4, despite the fact that novice social insurance labor 
consultants are familiar with paper applications, 
clearly suggests that electronic applications are 
difficult to use.
   An analysis of the cause of the difficulty has 
revealed the following problems: “File names are 
named simply for the convenience of the system 
and therefore they are difficult to understand for 
applicants.” “Some of the terms used in electronic 
applications have different meanings from those used 
by certified social insurance labor consultants.” “The 
explanations of procedures are inadequate and difficult 
to understand.” “Since the formats of documents are 
displayed on the screen as they are, the letters are 
small and difficult to read.”
   The novice-expert ratio of tax accountants who used 
electronic applications for the first time to file housing 
loan tax credits was 5.7. The novice-expert ratio of 
judicial scriveners who used electronic applications 
for the first time to apply for certificates of real-estate 
registration was 4.3. All these figures suggest that the 
current electronic application system is very difficult 
to use even for “professionals in application,” such as 
social insurance labor consultants, tax accountants 
and judicial scriveners.
2-4 Screening of Business Operations by the 
Government Revitalization Unit
   Some of the measures related to e-government were 
taken up for possible screening at a meeting of the 
Government Revitalization Unit in November 2009. 
At the meeting, members raised questions about 
the electronic application system of the Ministry of 
Finance, saying that the ministry should strive to probe 
the cause of the low system usage rate. The members 
eventually concluded that the system should be 
abolished. In the course of the deliberation, members 
expressed various opinions, such as “the government 
as a whole should review the e-Japan program and 
examine what went wrong,” “the government as a 
whole should review electronic applications from 
scratch,” and “the government should carefully study 
the cost-benefit of e-Japan and learn lessons from the 
failure.[8]
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Reasons for Making Shif t to 
E-Government Difficult
   What is the main cause that makes a shift to 
e-government, and in particular to electronic 
application services, difficult in Japan?
   It is because the procedures for electronic application 
are not attractive compared with those for already-
established paper-based application. Portable music 
players and mobile phones have penetrated markets 
rapidly because they have attractiveness that was not 
available in previous equipment and services. The 
problem with electronic application is that it does not 
provide attractive services.
   If electronic application is difficult to use even for 
professionals in application, as was described in “2-3 
Results of Usability Test,” it is hard to think that 
the general public would use electronic application. 
Some electronic applications require users to send 
accompanying documents by mail. This is out of the 
question. By contrast, efforts by ministries, such as 
simplifying presetting work and giving economic 
incentives that were mentioned in the previously 
described ministry’s press release, are good attempts 
on the part of the administration to increase the 
attractiveness of electronic applications to users.
   In order to increase attractiveness, it is particularly 
important to enhance the user-friendliness of 
systems. First of all, in order to make professionals 
and corporations who have been making paper-
based applications on a daily basis shift to electronic 
application, it is necessary to provide them with a 
system in which they make use of their accumulated 
knowledge. In the area where a business system is 
in widespread use, electronic applications should 
be coordinated with the business system. On the 
other hand, since it is difficult for individual users 
to accumulate experience in every procedure, each 
procedure should be made easy to understand by 
standardizing operation procedures, screen transitions 
and screen layouts. In other words, it is required to 
design a system that will enhance the operational 
efficiency of professionals and that is easy for 
individuals to understand whenever and whatever 
electronic applications they may have to make.
   As to the improvement of user-friendliness, 
measures that are currently being implemented 
will be explained in detail in “4. Establishment of 
E-Government Guidelines.” Furthermore, in order 
to realize “an electronic-primary, paper-secondary 
government,” it is necessary to review the role of the 
government. This point will be discussed in detail in 
“5. Drastic Improvement of E-Government.”
  We cannot stop the move toward an information 
society and most of the countries in the world will shift 
to e-government in the end. If we stop the movement 
halfway, we may have to keep paying tax for both a 
paper-based government and an e-government. It is 
necessary to improve Japan’s e-government concept 
as soon as possible.
Establishment of E-Government 
Guidelines
4-1 Usability Guidelines
   In September 2008, the government decided 
on the “Action Plan for Expanding Online Use” 
and, based on the plan, established a task force to 
formulate e-government guidelines under the IT 
Strategic Headquarters. It also established a security 
subcommittee and a usability subcommittee under 
the task force. The usability subcommittee prepared 
a draft plan in six months starting in October 2008 
and, after soliciting public comments, the plan was 
adopted as “e-government usability guidelines” at a 
liaison conference of chief information officers (CIOs) 
of government ministries and agencies held in July 
2009.[10]
   Usability is a human engineering concept meaning 
“ease of use.” Under the Japanese Industrial Standards 
Z8521, usability is defined as the “extent to which 
a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use.” Effectiveness 
is defined as the “accuracy and completeness with 
which users achieve specified goals.” Efficiency is 
defined as the “resources expended in relation to the 
accuracy and completeness with which users achieve 
goals.” And, satisfaction is defined as “freedom from 
discomfort, and positive attitudes towards the use of 
the product.”
   The main purpose of the above guidelines is to 
change the e-government which has so far not been 
designed to provide services satisfactory to the users 
into a pro-customer e-government by focusing on 
usability. The July 2009 edition of usability guidelines 
defines the whole process of electronic application 
4
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systems from planning to operation and evaluation of 
the systems.[11]
   Figure 2 explains the four phases of usability 
enhancement process. “1 Setting basic policy and goal 
of usability enhancement” calls for setting goals for 
effectiveness, efficiency, and the degree of satisfaction 
of electronic application system. “2 Understanding 
and studying user characteristics and business” calls 
for understanding who the users are and what the 
purpose of business is. Figure 2 shows that if one 
goes on to “3 Studying technology to realize usability 
enhancement” based on 1 and 2, an enhanced usability 
system will be realized and the users will begin to use 
the electronic application system in a positive manner.
   The usability guidelines show the approaches that 
should be taken by ministries and agencies with regard 
to these phases. Specifically, the guidelines stipulate 
steps that should be taken with regard to usability 
at each stage of planning, designing, development, 
operation and evaluation of an electronic application 
system.
   At the planning stage, which corresponds to 1 and 
2 phases in Figure 2, it is necessary to clarify users’ 
demands through questionnaire surveys, interviews 
and usability tests and conduct business process 
reengineering (BPR) and technology review before 
developing and publishing a usability enhancement 
plan. As described earlier, usability tests are designed 
to confirm the ease-of-use of a system by having the 
system actually used. The system is improved based 
on test results, or, in other words, based on actual 
operation and feedback. In the process of the planning 
stage based on the guidelines, it is important to take 
a positive stance and go ahead without rejecting BPR 
for the enhancement of usability. We would like to 
explain BPR later.
   Usability requirements are determined at the end of 
the planning stage, and the process moves on to the 
designing and development stage, which corresponds 
to phases 3 and 4 in Figure 2. Contractors design 
and develop systems meeting usability requirements. 
However, the guidelines require ministries and 
agencies to confirm and supervise, in each process of 
determining requirement definitions, confirming of 
designs, and integrative, linkage and acceptance tests, 
if the systems are being developed in line with the 
usability requirements set in the specifications. And as 
concrete measures, usability tests are to be conducted 
repeatedly in each process.
  At the operation stage, user support systems, such as 
a help desk, are to be established and user education is 
to be provided. The guidelines also call for collecting 
data contributing to the enhancement of usability. The 
collection of data also applies to phase 2 in Figure 2. 
Finally, at the evaluation stage, implementation status 
and achievement status are evaluated on a regular 
basis, and the usability enhancement plan will be 
revised or a new usability enhancement plan will be 
   The main purpose of the above guidelines is to change the e-government which has so far 
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worked out as need arises. This relates to phase 1 in 
Figure 2. After the evaluation, the process moves on 
to the planning phase of the next system. In this way, 
the usability will be constantly enhanced.
   The “4 Study of user interface” in Figure 2 defines 
common design guides, or minimum items that 
ministries and agencies should take into account in 
designing. User interfaces for individual systems are 
to be considered based on the common design guides 
and by taking into account the characteristics of each 
procedure.
   Enhancing usability is beneficial to both users and 
providers (ministries and agencies). For users, the time 
required for electronic application can be reduced, if 
the system is easy to operate. And if e-government 
obviates the need to go to a public office, the users 
can save transportation costs. Stated differently, the 
resources devoted to achieve the objective of applying, 
that is to say, time and money, can be saved. If the 
degree of user satisfaction increases as a result, the 
utilization rate of electronic application is expected to 
rise gradually.
   If providers (ministries and agencies) strive to 
understand users’ needs correctly in line with the 
guidelines, they can systematically revamp their 
systems, resulting in trimming the revamping costs. 
The burden of responding to inquiries from users can 
be reduced and the errors that may occur in data entry 
or transcription work when processing paper-based 
applications will be eliminated. If administrative 
institutions take an approach based on users’ 
viewpoint, it may lead to creating new user-oriented 
services.
  In order to provide an electronic application system, 
it requires costs for constructing and operating the 
system. If measures have to be taken to respond to 
users’ opinions at the stage of planning a system, the 
initial structuring cost of the system may increase. 
However, since such measures reduce queries and 
complaints from users, the operating cost in later 
years can be reduced. Providers can feel the practical 
benefits mentioned above only when they assess the 
cost by putting structuring and operating expenses 
together.
   There are many measures in place to prevent the 
administration from ignoring usability guidelines. 
Publishing usability enhancement programs is one of 
them. The government has introduced a system, under 
which ministries and agencies announce the purposes 
of their usability enhancement programs beforehand 
and evaluate the achievement of the purposes and 
announce evaluation results later.
4-2  Security Guidelines
   If usability guidelines are followed, does the 
usability of electronic application services improve 
substantially? The fact is that there still remains a 
challenge.
   It is a challenge concerning security. From users’ 
perspective, the security procedure to identify users 
and the procedure to make an electronic application 
are inextricable parts of the system. Therefore, 
extremely cumbersome security procedures 
discourage users from utilizing electronic application 
systems.
   According to a report by the security subcommittee, 
the utilization rate of 20 electronic application 
procedures that can be accessed with only an ID 
and password is 66%, while the utilization rate of 23 
procedures requiring only an electronic signature is 
13% and that of 22 procedures which, after starting the 
system with ID and password, require an electronic 
signature depending on application conditions is 
35%.[12] The report shows that the utilization rate of 
procedures requiring an electronic signature, which is 
more cumbersome than ID and password, is low.
   The electronic application procedures requiring 
cumbersome electronic signature are in place because 
the Japanese electronic application system is based on 
the provision of estimated effectiveness[13] in Article 3 
of the Act on Electronic Signatures and Certification 
Business. The provision follows the spirit of Article 
228, paragraph 4 of the Civil Procedure Code and it 
ensures the authenticity of an electronic document if it 
is accompanied by an electronic signature.
   Almost all services provided by private entities, 
such as online shopping, do not require an electronic 
signature. Instead, “Confirmation of Order” is 
displayed on the screen and, if you accept it, the record 
will be kept (the log will be preserved). If a dispute 
arises, it will be settled in court. It is a global common 
system. Needless to say, its security procedure is 
simpler and more user-friendly.
   In electronic application, priority is given to 
administration’s convenience of not having to fight 
lawsuits. For the people, however, it is cumbersome 
to attach an electronic signature to their electronic 
applications. In order to do so, people have to acquire 
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a basic resident registration card, ask for the issuance 
of an electronic certificate, save the certificate to the 
resident registration card, hook up an IC reader/writer 
with a personal computer, hook up to the Internet, 
and then and only then can they start electronic 
application. This time-consuming procedure is a 
major obstacle to the spread of electronic application.
   The security subcommittee has compiled the 
“Guideline for Risk Assessment in Online Procedures 
and for Electronic Signature and Certificate (draft)”.[14] 
Its contents are as follows:
(1) Threat concerning online procedures and method 
to derive “risk exposure”
(2) Method to derive a “guarantee level” of the 
authentication method required for online 
procedures, based on the risk exposure derived in 
the above method.
(3) “Countermeasure standards” required for each 
guarantee level of authentication methods derived 
in the above method.
   If this guideline is used, it will make it possible to 
examine a reasonable authentication method based 
on the risk exposure to threats in online procedures 
and, as a result, is expected to lead to the utilization 
of a simpler authentication method than an electronic 
signature as a measure to ensure security.
   The guideline is expected to be formally decided 
after soliciting public comments.
Drast ic Improvement of  
E-Government
5-1  Drastic review of system
   As explained in “3. Reasons for Making Shift 
to E-Government Difficult,” it is difficult to shift 
to e-government, unless its system has strong 
attractiveness.
   If paper-based applications are simply digitized, it 
would not enhance the attractiveness of electronic 
applications, as it entails extra burden on users, such 
as purchase of new equipment and having to learn 
electronic procedures. What is required is to carry 
out drastic review of systems (laws, regulations, 
organization, practice, and perceived notions, etc.) and 
substantially simplify procedures on the occasion of 
the shift to digitization (BPR).
In Europe, e-government has been promoted as part 
of “Innovation in the Public Sector.” E-government is 
predicated on system reforms.
   A pioneering discussion paper written by G. 
Mulgan, et al. and published by the British Cabinet 
Office states as follows.[15]
 Whilst incremental innovations can have some 
success without the need for policy or legislative 
modifications, systemic changes are often required 
in order to create higher levels of successful 
innovation. This may mean radically reducing the 
number of targets and planning and monitoring 
requirements as this would create freedom for 
creative thinking and an examination of other 
possibilities. For example, aligning funding 
streams with improvements in performance and 
outcome would act as a stronger incentive.
   Competent authorities establish enforcement orders 
and regulations under law and they also establish 
application forms. They stick to using the same forms 
even in electronic application, resulting in causing 
a problem of “Since the formats of documents are 
displayed on the screen as they are, the letters are 
small and difficult to read.” Revising the application 
forms may be an incremental reform. However, G. 
Mulgan, et al. are of the opinion that it would be better 
to revise the laws, enforcement orders and regulations 
based on the premise of electronic application.
In the introductory chapter of a book they jointly 
edited, F. Contini and G. Lanzara stated as follows.[16]
 The construction of a new electronic channel 
for the delivery of public services requires the 
establishment of a composite architecture, not 
only technological but also – perhaps mainly 
– institutional. But bureaucratic procedures 
and institutional frameworks exhibit pervasive 
institutional inertia, which renders transformation 
difficult.
   In the discussion paper, G. Mulgan also states as 
follows:
  In the public sector it is unlikely that organizations 
will expire if they do not develop new ideas. In 
the absence of the profit motive it is essential 
to provide other incentives for individuals and 
organizations, such as greater recognition of 
5
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Source: South Korean six major Web laws[17]
Figure 2 : Institutional Reform Required by South Korean Basic Law for E-Government
success amongst one’s peers.
   In other words, incremental reform is not enough to 
enhance the appeal of e-government.
   South Korea, which topped the list of e-government 
readiness ranking compiled by the United 
Nations, enacted “the Electronic Promotion Act on 
Administration Processes for the Establishment of 
an e-Government” (hereinafter referred to as “the 
basic law for e-government”) in 2001. Article 8 
(Principle of Electronic Processing) of the basic law 
for e-government stipulates that “main administrative 
operations shall be digitized and the operations 
allowing electronic processing shall be processed 
electronically, except when there is a special reason.” 
And, as Figure 3 shows, Article 4 of the basic law 
for e-government requires ministries and agencies to 
promote institutional reforms.
   In addition to the above examples, in Denmark, people 
and companies have the right to reject receiving paper-
based documents from administrative agencies. And in 
Austria, there is a system that prohibits administrative 
agencies from rejecting receipt of electronic documents 
from people and companies.[18] All these examples 
demonstrate the strong will of the countries to form “an 
electronic-primary, paper-secondary government.”
   Japan should also make a great transformation from 
“paper-primary, electronic-secondary government” to 
“electronic-primary, paper-secondary government.” 
To that end, Japan should promote institutional reform. 
In 2008, the Japan Business Federation issued a policy 
proposal titled “Establishment of a System to Promote 
the Realization of an Effective E-Government and 
Legal Framework,” in which the powerful business 
body announced the “Electronic administration/
business reorganization promotion act (model act).” It 
may serve as a useful reference.[19]
5-2 Promotion of One-Stop Administrative 
Services and Strengthening Data-Linkage
   When a person makes an application for 
administrative services, it often happens that 
the application has to be filed to more than one 
government office. Under the current system, the 
person has to apply to each respective government 
office by himself. For instance, when a government 
office requires a certificate issued by another 
government office, the person has to first apply for 
the certificate before making an application to the 
original government office. However, if an electronic 
application system is in place, one government office 
should be able to collectively accept all relevant 
Article 4 (Responsibility of Administrative Agencies)
① Administrative agencies shall administer this law and improve related systems so as to 
enhance the quality of the lives of the people in the knowledge and information age by 
promoting the realization of an e-government.
② Administrative agencies shall, in connection with realizing and managing their e-government, 
carry out the following operations:
1.  Coordination of businesses to realize administrative reform and e-government
2.  Innovation of process for handling businesses to be digitalized
3. Carrying out operations and providing administrative services through information and 
telecommunications network
4. Enhancement and evaluat ion of of f ic ials’  abi l i ty to ut i l ize information and 
telecommunications technology
5. Confirmation and prompt improvement of people’s dissatisfaction with matters related to 
the operation of e-government
③ An administrative agency shall respond positively when other administrative agencies call 
for cooperation with regard to the realization and management of e-government, such as 
linkage of information and telecommunications networks and shared use of administrative 
information.
④ Administrative agencies, in formulating and executing policies under their jurisdiction, shall 
give priority consideration to the items listed in paragraph 2.
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applications and transfer necessary application data 
to other government offices. This is called one-stop 
service.
   Article 10 (Principle of Administrative Agency’s 
Confirmation) of the South Korean basic law for 
e-government stipulates that “administrative agencies 
shall not demand applicants to submit the items that 
can be electronically confirmed, except when there 
is a special reason.” If such a law is available, when 
an application to one government office requires 
a certificate issued by another government office, 
the government offices concerned have to provide 
relevant information among themselves. However, if 
government offices begin to utilize private as well as 
public data in coordination with each other, it will lead 
to a fundamental overhaul of the system.
   When a person goes through application procedures 
at more than one government off ice, if each 
government office issues a different ID number to 
the applicant, it is difficult to enjoy one-stop service. 
In order to address this problem, some countries 
give every citizen a personal ID number. As is well 
known, social security numbers are in effect used as 
national identification numbers in the United States. In 
Estonia, people are assigned at birth with an 11-digit 
number consisting of gender, date of birth digits, three 
random digits and one checksum digit. Since personal 
data are recorded in connection with national 
ID numbers, personal information can be shared 
between services.[20]
   However, once a national ID number is leaked, 
the personal information of the card holder may be 
gathered by all services. Therefore, a method called 
“sectoral model” has been devised, in which sub-
identification numbers based on national ID numbers 
are generated for each service. This method still 
requires strict management of national ID numbers. 
However, any leakage of information can be limited 
to hacked services.[21] This sectoral mode has already 
been used in Austria.[22]
   In Estonia, people can view their data held by 
administrative agencies and check who has looked 
at their personal data and when. When suspicious 
access records are detected, the people can file a 
complaint with the administrative agency concerned. 
Austria, where a sectoral model is in use, is reportedly 
planning to establish an electronic medical record 
system, under which patients can access their portal 
sites to see their medical data and confirm who has 
accessed their portal sites.[23] These advantages are 
made available thanks to the adoption of a system for 
identifying individuals by ID number and increasing 
data linkage.
  In Japan, a study group, which was set up within 
the Cabinet Office in March 2009, proposed the 
establishment of electronic private mail boxes24]. The 
study group explains services to be made available as 
a result of the establishment of electronic private mail 
boxes as follows.
  The electronic private mail box (tentative) scheme 
is designed to realize a system to enable people to 
obtain, browse, manage and utilize information 
held by various service providers (central 
government, local governments, insurers, medical 
institutions, etc.) with ease. Under the system, 
users can choose an electronic private mail box 
from among several electronic private mail box 
portals on their own free will. By accessing the 
electronic private mail box portals that are set up 
for each user, the user can obtain and view their 
personal information held by more than one public 
and private institution in an integrated fashion. 
Since information thus obtained can be kept for 
a long time, the usability of the information will 
increase.
   This scheme also stresses the advantage of an 
electronic private mail box that allows users to gather 
their information in a cross-sectional manner. For this 
reason as well, it is essential to introduce a national 
ID number system. In the past, a proposal to establish 
a resident registry network system invited strong 
opposition, with some charging that the system “is 
tantamount to a computerized personal data system 
and violates the privacy of the people.” However, in 
the digital age, it is inevitable to use ID numbers to 
identify individuals. As long as people keep opposing 
the adoption of a national ID system, efficient 
administrative procedures will never be realized. It 
is indispensable to enhance data linkage by trying 
various measures, including the sectoral model.
5-3 Balancing Information Protection and 
Utilization
   In Japan, people have been repeatedly engaged in 
contradictory arguments with regard to information 
protection. It is necessary to consider protection and 
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Source: NTT Communications Corp., etc.[21]
Figure 4 : Sectoral Model That Uses Different IDs for Services
utilization of information calmly.
   The benefit that information protection and 
utilization gives to the society, or “gross social profit,” 
can be calculated by the following equation.
   (Gross social profit) = (Profit from information 
utilization) – (Expense for information protection) – 
(Expected value of damage caused by information 
leakage)
   (Expected value of damage caused by information 
leakage) = (Damage caused by information leakage) x 
(Probability of information leakage)
   “Profit from information utilization” is social profit, 
that is to say, increased economic activity brought 
about by collecting and combining various kinds of 
information. “Expense for information protection” 
literally means expenses to prevent unintended 
leakage of information. Unintended leakage of 
information causes social damage. In this report, 
damage caused by information leakage is expressed 
as “Damage caused by information leakage.” Since, 
stochastically speaking, information leakage would 
occur, “damage caused by information leakage” 
multiplied by “probability of information leakage” is 
the “expected value of damage caused by information 
leakage.”
   Figure 5 shows diagrammatically how gross social 
profit changes depending on the level of information 
protection. If information is not protected at all, it 
may cause huge monetary damage due to information 
leakage and/or information concerning personal 
subtleties may be abused. In the area where the 
“expected value of damage caused by information 
leakage” is large, “gross social profit” goes negative. 
If the level of information protection is increased 
little by little, the “expected value of damage caused 
by information leakage” begins to decrease, while 
“gross social profit” turns positive at Point A and hits 
a peak at Point B. Thereafter, “profit from information 
utilization” continues to decrease while “expense for 
information protection” increases gradually, causing 
“gross social profit” to decreases gradually and goes 
down from positive to negative territory. If one strives 
for perfect protection of information, it will only result 
in increasing the “expense for information protection,” 
causing a social loss.
   The Figure shows that if all information is either 
protected in a blind way or protected completely, it 
makes the electronic application system not only costly 
but also hard to use. The bottom line is balancing the 
cost paid and the profit gained. Unfortunately, the 
current system leaned too much toward information 
protection.
   It is socially appropriate to curb the level of 
information protection at around Point B. If a sectoral 
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人のデータはこの国民 ID番号に関
連付けられて記録されるため、サー
ビス間で個人情報を共有できる20）。
　しかし、ひとたび国民 ID番号が
漏れると、あらゆるサービスから
個人の情報が集められてしまう。
そこで、国民 ID番号を元にサービ
スごとに異なるサブIDを発生させ
るという、図表 4に示すような「セ
クトラルモデル」という手法が考案
された。この手法でも国民 ID番号
の管理は厳重に行う必要があるが、
情報漏えいはハッキングされた
サービスに限定される可能性が高
い 21）。オーストリアなどでは、す
でにこのセクトラルモデルが用い
られている 22）。
　国民 ID番号をそのまま利用する
エストニアでは、各行政機関が保
有する自分のデータを閲覧でき、
自分の個人データをいつ誰が参照
したかのアクセス記録を確認でき
るようになっている。また不審な
アクセス記録があった場合には、
当該機関に苦情申し立てできると
いう。セクトラルモデルを用いる、
オーストリアにおける電子医療記
録システムの場合も、患者ポータ
ルにアクセスして自分の医療デー
タを閲覧したり、自分の医療デー
タに誰がアクセスしたか確認がで
きたりする計画があるという 23）。
これらは IDで個人を識別し、また
データ連携を深めたことによって
得られたメリットである。
　我が国では、2009 年 3月に内閣
官房に設置された検討会が電子私
書箱の実現を提言している 24）。こ
の検討会は電子私書箱を用いた
サービスについて次のように説明
している。
　◦電子私書箱（仮称）構想は、様々
なサービス提供者（国、地方自
治体、保険者、医療機関等）で
ある情報保有機関が保有する
国民の情報を、安心かつ容易
に、本人が入手・閲覧・管理・
活用できる仕組みを実現する
ことを目標としている。利用
者は、自らの意思で複数ある
電子私書箱（仮称）ポータルか
ら自分の利用したい電子私書
箱（仮称）サービスを選び、ウェ
ブを通じ利用者ごとに設置さ
れた電子私書箱（仮称）ポータ
ルにアクセスすることによっ
て、複数の公的セクタ、民間
の情報保有機関が保有する自
己の情報を一元的に入手閲覧
することができる。また取得
した情報は長期間保管するこ
とができることで情報活用の
しやすさを高めることができ
る。
　この電子私書箱（仮称）構想でも
サービス横断的に自らの情報を集
められるメリットが強調されてお
り、そのためにも国民 ID番号の導
入は不可欠である。かつて住民基
本台帳ネットワークシステムにつ
いて、「『国民総背番号制』に相当し
プライバシーを侵害するものだ」な
どとの反対運動が起きた。しかし
デジタル時代にIDで個人を識別す
るのは不可避であって、これに反
対していては効率的な行政手続き
はいつまでたっても実現しない。
セクトラルモデルなどの工夫を入
れながら、データ連携を強化して
いくことは必須である。
図表 4　サービスごとに異なる IDを用いるセクトラルモデル
出典：NTTコミュニケーションズ（株）等の資料による21）
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model is to be introduced, it is desirable to develop a 
flexible system where the highest security measures 
are provided for the portion of national ID numbers, 
while giving more priority to information utilization 
in the portion of sub-IDs. It is not wise for information 
providers to claim their information protection 
functions are perfect and for users to seek such 
infallibility. It is socially detrimental to try to develop 
infallible systems. Balance between utilization and 
protection is important.
5-4 Utilization of Private-Sector Expertise
   In the United States, various computer programs 
for preparing income-tax returns and organizing 
information on receipts are on the market. Such 
programs can be easily found by searching for “Tax 
Preparation Software” on the Internet.
   Many programs are competing function-wise on the 
U.S. market. This is because there is a fixed procedure 
(application interface) for sending the data on final 
returns prepared by a computer program to tax 
authorities online. Since administration requires only 
data for administrative procedures, “how to generate 
data” is left to the wisdom of the private sector. This 
is why diversified programs are being distributed on 
the market. The administration has faith in the private 
sector’s ability to create programs.
   Since software houses are aware of the need to 
create easy-to-use programs, it leads to providing a 
user-friendly electronic environment to the people. 
This is far more efficient than the administration 
taking charge from beginning to end and trying to 
grasp the characteristics of users, something the 
administration has never experienced.
   Some say that since American people are in 
principle required to file income-tax returns, the U.S. 
market for such programs is much larger than the 
Japanese counterpart. However, the Japanese market 
is already large enough. In the spring of 2009, 23.69 
million people filed their tax returns.[25]
   The Japanese e-government concept lacks the idea 
of leaving the development of programs to market 
competition. Reflecting the fact that tax accountant 
groups have made several proposals on income tax 
declaration, several programs for e-filing have been 
marketed by software houses. However, they are still 
exceptional. The government should change its way 
of thinking and use the resources of the private sector 
wherever possible, instead of trying to take care of 
everything.
5-5 Establishment of Control Tower Function and 
Preparation of Roadmap
   Since drastically improving e-government inevitably 
requires establishment or revision of laws, it cannot 
be achieved unless the government as a whole tackles 
the issue. The e-government concept proposed by 
the IT Strategy Headquarters in 2001 failed because 
the Headquarters presented only a basic idea and 
left actual operations to each ministry and agency. 
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In order to promote cross-sectional improvement of 
e-government, it requires strong political leadership. 
Therefore, the government should establish an 
office which functions as the promoter of the 
computerization of the whole government and install 
a minister-level chief information officer (CIO) as the 
head of the office. In a private enterprise, a CIO is 
appointed as an official to control information systems 
and information distribution within the organization. 
In the United States, President Barack Obama 
appointed V. Kundral as CIO in charge of overseeing 
information-related strategy and budget of the 
federal government. The Japanese government CIO 
should take responsibility not only for the electronic 
application which was described in this report, but 
also for all other matters, including government 
information disclosure and coordination with local 
governments. The CIO should also be responsible 
for providing incentives to ministries and agencies in 
order to enlist their positive cooperation.
   As described in “2-2 Evaluation by E-Government 
Evaluation Committee,” the e-government evaluation 
committee has been calling for the establishment 
of an effective government CIO. It is an appropriate 
proposal.
   The process of drastic improvement led by 
government CIO should start with abolishing less 
frequently used electronic application systems. At 
the same time, an e-government basic act should be 
drafted and enacted before going through the process 
displayed in Figure 6.
   It is necessary to revise all laws to adapt them to 
e-government based on the e-government basic act. 
In the process, it is also necessary to revise local 
government laws with the aim of promoting electronic 
linkage.
   It takes time to revise laws. In the meantime, it is 
appropriate to develop common infrastructures for a 
new e-government. The common infrastructures here 
mean common technology components that are widely 
used in e-government, such as electronic private 
mail boxes (ID infrastructure) based on national ID 
numbers, authentification infrastructure compatible 
with diverse security levels, including those easier 
to use than an electronic signature, and data linkage 
infrastructure for communications among ministries 
and agencies and with local e-governments.
   The knowledge and expertise of the private sector 
can be utilized for part of the development of the 
authentication infrastructure. In the United States, the 
Identity, Credential and Access Management (ICAM) 
has been promoting the establishment of a system 
to enable private enterprises engaged in reliable 
authentication business to provide authentication 
services to government institutions.[26] Japan should 
participate in the effort.
   Then, after confirming the effectiveness and 
usability of a new system in a trial run, the system 
will move into full operation. As for the systems that 
should not be abolished outright, they will continue 
to be used after undergoing improvement based 
on the usability and security guidelines. However, 
such investment for improvement should be kept 
to a minimum, as the systems are to be completely 
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revamped after a new e-government is place.
Summary
   We have described that the Japanese e-government 
has many problems and that it is time to revise them 
drastically. We have also described how the revision 
should be promoted. For instance, we have proposed 
establishing an e-government basic act, promoting 
one-stop services and strengthening data linkage 
by utilizing, for instance, a sectoral model, while 
giving due consideration to security, changing the 
people’s consciousness about the protection and 
utilization of information, and promoting the use of 
the resources of the private sector wherever possible 
by the government instead of trying to take care 
of everything. We have also presented a roadmap 
to regenerate the e-government under the strong 
leadership of government CIO.
   The various techniques that we have described 
in this report, such as ergonomics to enhance the 
usability of an e-government, and ID and encryption 
to maintain security, are readily available. The 
fundamental problem is that the government has failed 
to change systems (laws, regulations, organization, 
practice, and perceived notions, etc.) to incorporate 
the benefits of the progress in science and technology. 
In order to make e-government really usable for 
the people, it is necessary to dismantle the existing 
systems, as described in “5-1 Drastic review of 
system,” and “5-5 Establishment of Control Tower 
Function and Preparation of Roadmap.”
   We do not have much time to spend for the drastic 
reform we have described in this report. This is 
because, with the number of government officials 
being slashed every year and baby boomers coming 
to the mandatory retirement age, the government may 
face a shortage of personnel. Therefore, it is necessary 
to speed up the reform so that a great transformation to 
“an electronic-primary, paper-secondary government” 
can be achieved in five years.
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Introduction
   With the goal of promoting energy conservation 
and exploring forms of energy alternative to petrified 
sources, as well as of reducing environmental burden, 
much effort has been spent on developing new 
breeds of vehicles. These include Hybrid vehicles 
(HV) that run on a combined system of a fossil fuel 
engine and an electric motor, Plug-in HVs (PHVs) 
that allow recharging of the in-vehicle battery using 
a commercial electric source, and Electric Vehicles 
(EVs). As the electric source to drive these vehicles, 
the development and introduction of a high-power, 
large capacity secondary battery is a challenge of 
urgent concern, and the lithium-ion battery has 
become the focus of attention.
   The lithium-ion battery, with its advantage of high 
energy density, has scored impressive advances in 
the field of information communication and the home 
appliance sector, especially as a portable power source. 
Against the backdrop of widespread proliferation of 
mobile phones and notebook PCs, global shipments of 
lithium-ion batteries amounted to \390 billion in FY 
2008.[1]
   The lithium-ion battery has a host of advantages 
including: that next to no side reaction occurs when 
a lithium ion intercalates into or desorbs from the 
positive/negative electrode material, the possibility 
that energy efficiency may be further enhanced by 
the lowering of the battery’s inner resistance, a small 
self-discharge, and no memory effect. Research 
and development, up to the present, has focused on 
upgrading the energy density. Japan put the lithium-
ion into practical use ahead of all other countries, 
and has maintained the global lead in terms of both 
technological edge and production. 
   For highly efficient use of energy for automobiles 
1
in the future, full use of the secondary batteries 
should be an integral part of automobile development. 
The battery provides electric power for driving, 
while enabling instantaneous recovery and storage 
of braking energy in quick response to the running 
conditions. Among in-vehicle secondary batteries, 
the lithium-ion battery is the most promising because 
of its superior characteristics in terms of power 
and energy density per unit weight or volume. The 
majority of the currently used secondary batteries 
are nickel-hydrogen type, and the shipment value as 
of FY 2009 is expected to reach \220 billion. This 
value is based on the market size forecast for HVs 
in 2009 (approximately 1.1 million vehicles[3]) and 
assuming a battery price of \200,000 per unit.[2] 
According to a Nomura Research Institute forecast, 
the HVs market size will grow to about 2.2 million 
units in 2012.[3] Given that the lithium-ion battery will 
be used in all these vehicles in place of the nickel-
hydrogen battery and that EVs will enter widespread 
use, the shipping value of lithium-ion batteries for 
vehicle use will far exceed \440 billion. Which means 
that the shipping value of lithium-ion batteries for 
vehicles has the potential of catching up and even 
exceeding the shipping value of lithium-ion batteries 
for information communication and home appliance 
devices. Mitsubishi Motors Corporation and Fuji 
Heavy Industries Ltd. have started mass production 
of EVs equipped with a lithium-ion battery, and 
Toyota Motor Corporation has launched its PHVs that 
utilize lithium-ion batteries into a limited market area 
starting in mid-December of 2009, aiming at full-
scale commercial availability in the market starting in 
2011. Nissan Motor Co., Ltd. also announced in 2010 
its plan to mass-produce lithium-ion batteries for EVs 
in Japan, U.S., and Europe. It is very likely that the 
adoption of lithium-ion batteries for HVs will continue 
to expand, and according to a Fuji-Keizai forecast, the 
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market size of the lithium-ion battery for vehicles is 
expected to step across the \2 trillion mark around FY 
2014.[5]
   In sectors other than the transport equipment 
sector, the adoption of a small- to large-scale lithium-
ion battery system is desired for storage and for 
the stable supply of electric power. For example, 
renewable energy sources such as solar and wind 
power generation require power storage because 
of their weather dependent nature, and large-scale 
power generation requires electric-load leveling to 
compensate for the time lag between production 
and consumption.[6] Therefore, in the long term, the 
demand for lithium-ion batteries has the potential for 
becoming larger than the estimated value based on the 
assumptions described above. 
   This article describes, among other subjects in 
the general R&D trends of in-vehicle lithium-ion 
batteries, the status and challenges of the electrode 
and electrolyte materials implemented in the battery, 
which may hold the key to improving performance. 
It also deals with the desirable future scheme of 
proceeding with R&D of electrode and electrolyte 
materials for efficient realization of high output power 
and large capacity, as well as achieving superior 
safety.
High-power, Large-capacity, 
Secondary Batteries Pave the 
Way to a Low-carbon Society: 
Options Available for Research 
   In the sectors of renewable energy systems and 
transport equipments, a substantial reduction of 
environmental burden can be achieved by efficient use 
of high-power, large-capacity, secondary batteries. In 
the transport equipment sector especially, domestic 
CO2 emissions have turned into a general downward 
trend thanks to the progressive use of environmentally 
friendly cars, typically HVs, which began around 
2000. Promoting the adoption of PHVs and EVs in 
the coming years will enable further reduction of CO2 
emission. Wide spread use of EVs, which typically 
emit 1/4 of the amount of CO2 (approximately 50g/
km) that conventional gasoline engine vehicles emit, 
can facilitate a substantial reduction of vehicle-
originated CO2 emissions.[6,7] For example, if 50% of 
vehicles owned in Japan (75.7 million vehicles)[8] were 
replaced by EVs, the reduction achievable is estimated 
to be approximately 40% of the current total CO2 
emissions from vehicles (approximately 100 million 
tons out of 257 million tons, as of 2007).
   Currently available secondary batteries (nickel-
hydrogen batteries) have a typical capacity of around 
1.5kWh, and are capable of providing mileage of only 
about 10 km.[6,10] Upgrading the battery capacity to 
50kWh would extend the continuous running mileage 
to approximately 330 km. A significant enlargement 
of the secondary battery’s capacity is essential for HVs 
and EVs to run longer. EVs and HVs require different 
power and energy characteristics from batteries. 
HVs have limited space for mounting battery cells 
because they have a fossil fuel engine as well, and 
the weight of the battery cells is also restricted for the 
same reason. Thus, a higher power density is required 
from the battery cells to secure enhanced driving 
performance. EVs have the advantage of having a 
simplified vehicle driving system and no fuel tank, 
which results in fewer components. This enables a 
significant trimming of vehicle weight as well as a 
larger space for mounting a larger number of battery 
cells. The priority of the secondary battery for EVs is 
enhanced energy density, rather than power density, in 
order to extend travel distance. The secondary battery 
for a PHV has a use environment between that of a 
HV and an EV.[11,12]
   Figure 1 shows the relationship between power 
density and energy density of currently available major 
secondary batteries (lithium-ion, nickel-hydrogen, 
electric double layer capacitor, and others),[13] and 
the directions of the development program aiming 
at vehicle applications. An ideal secondary battery 
should have a high power-per-unit volume/weight, 
large capacity, long charge-discharge cycle life, and 
a long chargeable life, in addition to being safe and 
affordable.
   From the data shown in Figure 1, it can be seen 
that the methods for realizing a high-power, large-
capacity secondary battery are broadly divided into 
three options, which are: (1) further efforts to enhance 
the power and enlarge the capacity of the currently 
available lines of lithium-ion batteries, (2) enlargement 
of the electric double layer capacitor, and (3) the 
development of a lithium-ion capacitor. Although the 
electric double layer capacitor, (2), with its inherent 
high power density and superior endurance for 
repetitive charge-discharge cycles is counted on for 
vehicle applications, it is still in the basic research 
2
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phase and is currently viewed to have limited 
applications because of its low energy density. Some 
research efforts are underway to develop a lithium-
ion capacitor, e.g., a combination of the lithium-ion 
battery and the electric double layer capacitor. In the 
immediate future, however, focus should be placed on 
R&D aiming at boosting the power and enhancing the 
capacity of the lithium-ion battery (1). The emphasis 
throughout the following chapters is on the R&D 
trends related to lithium-ion batteries (1).
Configuration of a Lithium-ion 
Battery and Charge/Discharge 
Mechanism
   Among the metallic elements, lithium has the 
smallest electrochemical equivalent (e.g. the quantity 
of electric charge required to be transferred to 
trigger an oxidation-reduction reaction). The lithium-
ion battery harnesses a set of reversible oxidation/
reduction reactions, in which a lithium-ion dissolved 
by a discharge reaction returns to metallic lithium by a 
charging reaction. The negative electrode, which must 
be capable of directly incorporating a lithium-ion in 
its matrix, normally has a layered structure made of a 
carbon-based material. The lithium ion penetrates into 
(intercalation), and desorbs from the gaps between the 
layers of this carbon-based material (e.g., graphite). 
At present, a type of lithium-ion battery (average 
output voltage: 3.6V) with a combination of graphite 
(negative) and lithium cobaltate (LiCoO2) (positive) 
electrodes has become commercially practical.
   Figure 2 schematically illustrates the lithium-
ion battery’s charge/discharge mechanisms and the 
electrochemical reactions taking place in this negative 
and positive electrode construction. An electron 
and an ion are generated by an oxidation reaction (a 
reductant loses an electron) and a reduction reaction (an 
oxidant accepts an electron), and the energy released 
from this electron and ion provides the source of 
electric energy. The electromotive force (EMF) of the 
battery is determined by the difference of electrical 
potential between the positive and negative electrode 
materials. The material that generates EMF is called 
an active material. A battery requires, in addition to 
the electrodes, an electrolyte that allows ionic transport 
between the positive and negative electrodes, and a 
separator that prevents direct contact of the electrodes. 
Each reductant and oxidant has an oxidation-reduction 
potential, which is determined by the chemical species 
that constitutes these chemical agents. This electric 
potential is called the electrode potential. A material 
with low electric potential has a strong reducing 
power, and a material with high electric potential 
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Figure 1 :  Power density vs. energy density of currently available major batteries: 
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Figure 2 : Charge/discharge mechanism of lithium-ion battery: examples of electrochemical reactions taking place on 
the electrode
has a strong oxidizing power; thus a combination 
of these two electrodes can form a battery. While 
a battery is being charged, chemical reactions take 
place in the direction reverse to discharging, during 
which a reduction reaction takes place on the negative 
electrode and an oxidation reaction takes place on the 
positive electrode.[14-16] 
   The power density designates the capacity of a 
battery to release energy in a short period of time, and 
is represented by the product of current and voltage 
(each per unit weight or unit volume of the battery). 
As the voltage is determined by the average voltage 
inherent to the electrode material, a reduction of the 
battery’s inner resistance is essential for obtaining 
a higher current, or power density. Electric charge 
retrievable from the battery (Q)* and the battery 
voltage (V) determines the energy obtainable from a 
battery, and is represented by their product (i.e., U = Q 
× V). The EMF of a battery is affected by such factors 
as the state of charge and activities of substances 
involved in reactions, and it tends to undergo change 
during the discharging process. This instability is 
mainly due to the inner resistance of the battery, 
which suppresses the voltage downward as the current 
increases. In the circumstance where the battery 
voltage fluctuates, both the current and voltage must 
be integrated to estimate an exact value. For simplicity, 
however, it is a normal practice to use an average 
voltage to calculate energy. Energy density per unit 
volume/weight is calculated by taking only the active 
materials on the positive and negative electrodes into 
consideration, and the obtained value is interpreted as 
the theoretical power density. More specifically, the 
energy density of a battery is obtained by calculating 
the product of the average voltage difference between 
the positive and negative electrodes and the electric 
capacitance density.[14]
Glossary
* Quantity of electricity: A value obtained by integrating current with time. In the case of constant current 
discharge, this value coincides with the product of discharge time and discharge current. The capacity of 
a battery is represented by the quantity of electricity it can discharge until the battery voltage falls off to a 
predefined value (final voltage).
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Current Status of Lithium-ion 
Battery R&D
4-1 Superiority of Japan’s Lithium-ion Battery Technology
   Japanese companies were among the first to 
commercialize the lithium-ion battery and their share 
of global production was 100% in FY 1998. Since 
then they have maintained the global lead in R&D. 
However, as shown in Table 1, the global share 
of the Japanese companies is shrinking rapidly, 
both in terms of production volume and shipping 
value.[6,17,18] Japanese companies occupied all the top 
six positions in terms of global share in FY 2000, 
but the global share of Japanese companies dwindled 
down to approximately 60% in FY 2005. As of FY 
2008, Japanese companies scarcely maintained their 
top position with a global share of 50%. Foreign 
companies have been proactively boosting their efforts 
for R&D of lithium-ion batteries and the increase of 
their global share well reflects their efforts.
   Korean and Chinese companies have made 
especially significant R&D efforts to catch up with 
Japan since 2005. Samsung SDI Co. Ltd. and LG 
Chemical Ltd. (both Korean), and BYD Co. Ltd. 
(China) have received attention in their R&D of the 
secondary batteries for use in HVs and fuel-cell HVs 
(FCHVs). Among other notable companies, SAFT 
(France) is pushing forward with secondary battery 
development for use in EVs and HVs. A123 Systems 
Inc. (U.S.) has also started production and marketing 
of cost-effective, safety-oriented lithium batteries, 
aiming at in-vehicle applications for HVs.[19]
   Let us review the activities of two international 
conferences, both of which rank as the most 
representative for understanding the current trends 
in lithium-ion battery research, whereby the focus 
is placed on R&D of materials. These conferences 
are the “International Meeting on Lithium Batteries 
(IMLB 2006),” held in France in 2006, and the “Pacific 
Rim Meeting on Electrochemical and Solid-State 
Science (PriME 2008),” held in Hawaii in 2008 and 
co-hosted by the American Electrochemical Society 
and the Electrochemical Society of Japan. Figure 
3 summarizes the country-by-country number of 
the papers presented in these conferences related to 
Prepared by STFC based on Reference[1,2,6,17]
Table 1 : Global shares of mass-produced lithium-ion batteries: company ranking
Note)  Panasonic’s TOB (takeover bid) against Sanyo succeeded on December 11, 2009. The global share of lithium-ion batteries of 
these two companies combined amounted to 29% in fiscal 2008.
4
Fiscal  Year FY 2000 FY 2005 FY 2008
Country/Company
/Share
Rank/Shipping value
Country Company
Share
(%)
Country Company
Share
(%)
Countr
y
Company
Share
(%)
1
Sanyo Electric 
Sanyo GS Soft 33
Sanyo Electric 
Sanyo GS Soft 28 Japan
Sanyo Electric 
Sanyo GS Soft 23   
Energy
Japan
   
Energy
   
Energy
2 Sony 21 Sony 13 Korea Samsung SDI 15
Japan3
Panasonic 
Corporation 
Energy
19 Korea Samsung SDI 11 Japan Sony 14
Panasonic 
4 Toshiba 11 Japan Corporation 
Energy
10 China BYD 8.3
5 NEC-TOKIN 6.4 China BYD 7.5 Korea LG Chemical 7.4
6 Hitachi Maxell 3 4 Korea LG Chemical 6 5 China BAK 6 6 .  . .
7 China BYD 2.9 China
Tianjin Lishen
Battery
4.5
Japan
Panasonic 6.0
8 LG Chemical 1 3 NEC-TOKIN 3 6 Hitachi Maxell 5 3
Korea
 .
Japan
.  .
9 Samsung SDI 0.4 Hitachi Maxell 3.3 ATL 1.0
Shipping value (¥0.1 billion) 2,956 2,891 3,904
24
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
lithium-ion batteries.[20,21] In IMLB 2006, the number 
of papers presented by Japanese researchers ranked 
either first or second in the areas of positive/negative 
electrodes and electrolytes. In PRiME 2008, the 
combined number of presentations from the U.S. and 
Japan on positive electrodes occupied approximately 
65% of all presentations. Among other countries, 
Korea and China gave more presentations than 
European countries did.
4-2 R&D Projects on the Initiative of the Ministry of 
Economy, Trade and Industry of Japan
   In the third period of the “Basic Program for Science 
and Technology”, the subject “High-performance 
electric power storage technology that overcomes 
differences in sources and uses” has been selected as 
one of the technological areas of strategic importance, 
and the technological development of the next-
generation in-vehicle battery was placed among the 
priority areas by the Economic Growth Initiative 
laid down in 2006. Following these policies, the New 
Energy and Industrial Technology Development 
Organization (NEDO, an independent corporation 
under the jurisdiction of METI) started in FY 2007 a 
project (Li-ion and Advanced Battery Development) 
to develop a high-performance, low-cost secondary 
battery with a view to accelerating commercialization 
of new vehicles such as HVs, EVs, and FCHVs. The 
project is currently underway for R&D of a 3kWh-
grade lithium-ion battery that has the following target 
specifications and is slated for completion by FY 
2015: energy density of 100Wh/kg, power density 
of 2kW/kg, and a cost of \30,000/kWh. The project 
also includes long-term basic research to develop 
new types of batteries that step far ahead of the 
performance available from the lithium-ion battery.
   In addition, a separate R&D project (Research & 
Development Initiative for Scientific Innovation of 
New Generation Batteries) started in FY 2009, and 
over its projected span of seven years it is to establish 
fundamental technology in view of realizing EV-
oriented secondary batteries capable of providing 
driving performance comparable to that of vehicles 
powered by gasoline engines, whereby the elucidation 
of a fundamental reaction mechanism inside the 
battery is of importance.[24,25] The fruits of the R&D 
project are expected to pave the way for the realization 
of innovative lithium-ion batteries with breakthrough 
enhancements in performance, safety, and reliability, 
which will enable a significant upgrade of driving 
performance for EVs and PHVs.  
4-3 R&D projects on the Initiative of U.S. 
Government
   Figure 5 shows the framework and content of the 
R&D of secondary batteries for vehicle use guided by 
the Department of Energy (DOE).[26,27]
   DOE has been pushing forward the development 
of secondary batteries for EVs by granting 50% of 
development overheads to the United States Advanced 
Battery Consortium (USABC) and encouraging 
battery manufacturers (A123 Systems Inc., Compact 
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Prepared by STFC based on Reference[2,20,21]
Figure 3 : Number of papers presented in international conferences (by country)
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Re-constructed by STFC based on Reference[22,23]
Figure 4 : Direction of research in the secondary batteries for vehicle uses: 
NEDO plan
Power Inc., EnerDel Inc. et al.) to participate in the 
project. (USABC is an organization established in 
1991 by automobile manufacturers, centered on the 
“Big Three.”) In addition to the support program 
for USABC, DOE is undertaking R&D activities 
rigorously to develop lithium-ion batteries for vehicle 
uses (HVs, PHVs, and EVs) through such programs 
as ATD (Applied Technology Development), ABR 
(Applied Battery Research), and BATT (Batteries 
for Advanced Transportation Technologies). The 
important elements of technical development for these 
projects (high-energy-density batteries for PHVs 
and high-power batteries for HVs) include the cost, 
characteristics, safety, and useful lifespan. 
   In the USABC program, the participants are 
undertaking R&D using individual high-potential 
materials for enhanced energy density. Compact 
Power Inc. uses a composite material consisting of 
layered oxide and manganese spinel oxide (positive 
electrode), A123 Systems Inc. uses a phosphoric-acid-
based material (positive electrode), and EnerDel Inc. 
uses spinel structure titanium acid manufactured by 
dispersing nano-scale particles (negative electrode) 
and manganese-nickel acid lithium (LiMn1.5Ni0.5O4)
(positive electrode).[26,27]
   The R&D of battery cells being carried out in the 
ATD program and ABR program places emphasis 
on the development of a lithium-ion battery for 
PHVs uses. The objectives of this R&D include the 
realization of energy density that allows a PHV to run 
40 miles, and of a useful lifespan that allows up to 
5,000 charge/discharge cycles. The Argonne National 
Laboratory plays a central role in carrying out these 
programs, while Brookhaven, Idaho, and Sandia 
National Laboratories participate. The objectives 
of these programs include the R&D of battery cell 
materials, calendar life (the period during which a 
battery can maintain a charged state continuously), 
charge/discharge cycle life, and resistance to 
overloading. The BATT program, on the other 
hand, places emphasis on fundamental research for 
the development of positive and negative electrode 
materials and electrolytes to be used in HVs, PHVs, 
and EVs. The program is being carried out under the 
initiative of Lawrence Berkeley Laboratory.[28-30] 
4-4 R&D projects in Europe, Korea, and China
   In Europe, the R&D of lithium-ion batteries started 
in 1993, under the initiative of EU’s JOULE (Joint 
Opportunities for Unconventional or Long Team 
Energy Supply) project, whose main R&D subject 
has been the secondary batteries used in EVs. New 
projects have also been launched, under the financial 
support of the EU executive body and the European 
Commission, to develop a new lithium secondary 
battery. An example of this effort is the ALISTORE 
(Advanced Lithium Energy Storage Systems Based 
on the Use of Nano-powders and Nano-composite 
Electrodes/Electrolytes) project, which is now 
underway with the participation of 16 battery-related 
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Prepared bay STFC based on Reference [26,27]
Figure 5 : R&D system and content in U.S.: secondary battery research and development for vehicles 
under the initiative of DOE
research groups within the EU, and is slated to 
continue for 5 years starting in FY 2004.
   In Korea, a large 5-year national project was 
launched in 2004, and this government-led project has 
been working on the development of an extra-large 
capacity lithium-ion battery and electric double-layer 
capacitor.
   In China, a technology development project (called 
the “863 project”) has been underway since 1986, 
and R&D of a secondary battery for use in EVs 
and HVs was carried out from 2001 to 2005. From 
2006, the development of a lithium-ion battery has 
been carried out, whereby FCHVs were added as a 
research objective in addition to HVs and EVs.[2,17] 
The presence of Korea and China in sales shares of 
lithium-ion batteries has been growing as shown in 
Figure 3, and the proactive stance of these countries 
towards lithium-ion batteries seems to be a major 
driving factor for this growth. 
Current R&D Status of Electrode 
and Electrolyte Materials and 
Future Direction
5-1 Electric Potential and Discharge Capacity 
Density of Electrode/electrolyte materials
   The power and energy density of a lithium-ion 
battery largely depends on the electrode materials 
and electrolyte materials. Figure 6 summarizes the 
relationship between electric potential and charge-
capacity density of electrode materials that have been 
studied.[16,31–33] 
   In small-capacity batteries, LiCoO2 is mainly used 
as a positive electrode material, while for applications 
that require an especially high level of safety, lithium 
manganate (LiMn2O4) is selected, which has a 
spinel type crystal structure (an octahedronal crystal 
structure consisting of metal elements A, B, and 
oxygen; composition formula: AB2O4). The majority 
of the new materials currently under R&D with a view 
to providing a superior positive electrode are oxides of 
transition metals (generic name designating the group 
of elements that occupy positions between the third 
5
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and eleventh family in the periodic table). Generally, 
these positive electrode materials tend to provide 
lower discharge potential as the electric-capacity 
density increases.
   At present, carbon-based materials are mainly used 
as negative electrode material. The advantages of 
carbon-based negative electrode materials include: 
long charge/discharge cycle life (even in the 100% 
depth of charge/discharge), the capability of attaining 
a high lithium-filling fraction, and a configurability 
of the electrode potential in the vicinity of a metallic 
lithium electrode. A variety of carbon-based negative 
electrode materials are under scrutiny in terms of 
electric capacity and electrode potential. A hard 
carbon (non-graphitizable carbon) material is a favored 
choice if energy density is the main objective, and a 
graphite-based material (graphitizable carbon) is more 
suited if high-power characteristics are the target. 
Although a variety of materials with capacity superior 
to carbon-based materials have been proposed, 
many of them need further improvement in respect 
to electrode potential and charge/discharge cycle life 
concerns.
   Several options are available for the electrolyte: 
nonaqueous (organic and ionic liquids), gelled 
electrolyte, organic solid electrolyte, and inorganic 
solid electrolyte materials. Among these, mainstream 
solutions are those based on electrolytes. Major 
electrolyte systems currently used are prepared using 
mixtures of several compounds, such as the mixture 
of dimethyl carbonate and a cyclic carbonate (e.g., 
propylene carbonate, ethylene carbonate), and the 
mixture of lithium-4-phosphorous fluoride (LiPF4) 
and a chain carbonate (e.g., diethyl carbonate or 
methyl carbonate).
5-2 Electrode and Electrolyte Materials for Higher 
Power and Larger Capacity
   The power source to drive a vehicle requires a 
secondary battery with a breakthrough upgrade of 
power and capacity that is contained in a lightweight 
and compact package, which is essential in conjunction 
with the advancement of power electronics technology 
(electric motor and inverter). Currently available 
lithium-ion batteries already have such advantages as 
relatively high energy density and non-susceptibility 
to memory effect (a phenomenon whereby the 
repetition of charge/discharge cycles while the battery 
is not completely depleted has downward effects on 
the discharge voltage). Still, the currently available 
power level is not sufficient to drive an HV, and the 
production cost is still too high, mainly because of the 
electrode and electrolyte materials and the expenses 
involved in their production processes.
   In order to yield a higher power density, 
enhancement of current magnitude is of importance, 
in conjunction with a boost of output voltage. For 
this, a reduction of inner resistance is needed. 
Figure 7 summarized the main factors that give 
rise to the lithium-ion battery’s inner resistance 
during a discharge process.[15] The inner resistance 
during discharge is broadly divided into two factors: 
resistance that accompanies lithium-ion transport, 
and the electron conduction resistance that occurs 
both inside the electrode and the electrode-collector 
interface region. The resistance due to lithium-ion 
transport is further divided into several factors: the 
resistance a lithium ion suffers while conducting 
in the electrolyte, the resistance while migrating 
within the positive and negative electrode, and the 
resistance while a lithium ion is diffusing in the active 
materials inside the positive and negative electrode. 
Contributions from these factors depend on the nature 
of the materials used in the positive/negative electrode. 
   The energy density of the currently used positive 
electrode materials (e.g., LiCoO2) is, as a matter of 
course, lower than that of negative electrode materials. 
For energy density enhancement of positive electrode 
materials, a new material with a higher average 
electric potential than LiCoO2 and a larger electric 
capacity must be explored.
5-3 Safety and Reliability of Electrode/Electrolyte 
Materials
   The lithium-ion batteries currently available still 
have safety and reliability problems, such as the 
danger of excess heat generation and reduced lifespan, 
both typically caused by the reaction products and 
impurities that comes into existence during the 
oxidation reaction inside the battery. These problems 
can be ascribed to the generation of metallic lithium. 
In cases where LiCoO2 is used as a positive electrode, 
metallic lithium is deposited on the surface of the 
negative electrode due to the abnormal charge/
discharge process, and the very reactive metallic 
element can impair the safety of the system. When 
the battery falls into a deviated state, for example 
a state of over-charge, LiCoO2 used in the positive 
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Reconstructed by STFC based on Reference[16,31-33]
Figure 6 : Electric potential vs. charge-capacity density: electrode materials R&D
electrode can trigger an internal short circuit that 
generates excess heat and, if an organic-solvent-based 
electrolyte is used, a fire will eventually be caused. 
In cases where the system uses a graphite negative 
electrode, as its electric potential lies in the vicinity of 
the generation potential of metallic lithium, a rise in 
internal resistance for some reason can promote the 
formation of metallic lithium.
   On the surface of the particles (electrode’s active 
material), the creation and annihilation of such a 
compound as Li2CO3 can take place through the 
repetition of the charge/discharge processes. On the 
positive/negative electrode surfaces, simple contact 
with the electrolyte can trigger an undesired or 
Prepared by STFC based on Reference[15]
Figure 7 : Major factors affecting the internal resistance of discharging lithium-
ion battery
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unintentional oxidation/reduction reaction in the 
interface between them. For example, a trace amount 
of impurity (e.g., water) contained in the electrolyte 
can generate an undesired reaction product, and the 
thin, nano-scale layer thus produced can cover the 
active material on the surface of both electrodes, 
exerting an adverse effect of causing charge/discharge 
characteristics such as the rise of resistance in the 
interface, heat generation, lowering of power and 
capacity, and shortening of useful lifespan. In the 
case of a nickel oxide positive electrode, a thin high-
resistance layer (SEI: Solid-Electrolyte Interface layer) 
is generated on the surface of the active material by 
the action of discharge potential and the layer has the 
adverse effect of reducing system safety.[34] A thin 
layer of aluminum (Al) can form on the surface of 
the positive electrode’s collector. In many cases, the 
battery can be operated with the layer in place, but, 
as it may induce a corrosive reaction that produces an 
oxide layer (Al2O3, Al2(CO3)3, etc.) with a thickness 
around several tens of nanometers, finally reducing 
battery performance.[35] 
   To avoid these undesirable effects, some systems use 
thermally stable LiMn2O4 as the positive electrode 
and lithium titanate (LTO: LixTiyOz) material as the 
negative electrode.[36] The electric potential of LTO-
based materials is high enough (1.6V) to hinder the 
formation of metallic lithium. The use of graphite can 
invite such problems as the loss of active materials and 
the elimination of the electron path through the long-
term repetition of charge-discharge cycles due to the 
volume variation that accompanies the intercalation/
desorption process of lithium ions. In contrast, LTO-
based negative electrode materials do not undergo 
volume variation even when the intercalation/
desorption takes place in charge/discharge processes, 
thus giving the battery a longer useful lifespan. 
Although the theoretical capacity of LTO-based 
materials is not very high (approximately 170Ah/kg), 
its merit from safety aspects is good enough to make 
it a candidate for the negative electrode of a secondary 
battery for vehicle use.
Challenges and Approaches 
toward Better Electrode/Electrolyte 
Materials
6-1 Priority Electrode Materials for Future R&D
(1) Positive Electrode Materials
   The use of a material with high electric potential 
and large discharge capacity can increase the power 
and energy density of the battery. Figure 8 shows 
the positive electrode materials on which the focus 
of future R&D should be placed, and their potential 
vs. discharge capacity-density relationships.[37, 38] 
The capacity density of the positive electrode 
materials, now in practical use, is around 200Ah/
kg at the most, and this poses a major problem that 
stymies the enlargement of the lithium-ion battery’s 
capacity.[14,16] Several materials have been gathering 
R&D momentum, include spinels, layered oxides, 
olivines, Li2MO3-based solid solutions (M represents 
a metallic element), and silicate based materials. With 
the exception of silicate-based materials, the discharge 
capacity density of these materials lies at or below 
300Ah/kg.
   A spinel material (composition formula: LiM2O4) 
is characterized by its stable crystal structure, 
providing superior safety. Although the power density 
of spinel materials can be enhanced by increasing 
electric potential, it has a growth ceiling mainly due 
to inherently low-capacity density (approximately 
150Ah/kg). Variants of layered oxide materials 
(LiMO2) obtained by substituting a portion of cobalt 
(Co) in LiCoO2 structure with such metals as nickel 
(Ni) and manganese (Mn) have been extensively 
investigated. These include NiCo-, NiCoMn-, and 
NiMn-systems and several of them have come 
into practical use. The capacity density of these 
materials, however, is around a maximum of 270Ah/
kg. A complete substitution of cobalt with nickel can 
provide a capacity density approximately 30% higher, 
but higher nickel ratios may raise safety concerns. 
Substitution with manganese increases output 
potential but lowers the capacity density.
   Some of the olivine materials, generically 
represented by the composition formula LiMPO4, 
show a relatively high electric potential, but their 
capacity density lies at or below 200Ah/kg. These 
materials include lithium manganese phosphate 
(LiMnPO4), lithium iron phosphate (LiFePO4), and 
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lithium cobalt phosphate (LiCoPO4). Research has 
been made to utilize the inexpensive and chemically 
stable LiFePO4; according to some reports, the system 
enables acceleration of charging and discharging 
while maintaining the power density comparable to 
conventional lithium-ion batteries.[39,40] The increased 
charge/discharge speed was obtained by using 
miniaturized LiFePO4 particles (several to several 
tens of nanometers) as the positive electrode material, 
thus enhancing the speed of lithium ion diffusion and 
electron conduction towards the electrode surface 
and inside the matrix. Because of a superior level of 
safety, in spite of their less favorable capacity density, 
these olivine materials have been considered as 
suitable for large-scale secondary batteries for use in 
vehicles. However, olivine materials generally have a 
problem in that the capacity density falls at elevated 
temperatures. In comparison with the nickel oxide 
materials, the olivine materials generate a smaller 
amount of heat when they thermally decompose, 
making them more favorable in terms of safety. 
The fluoride olivine materials feature high capacity 
density, and hold promise in realizing a high energy 
density electrode, but they also face challenges such as 
a susceptibility to corrosion.[14,16,41,42] 
   With a view towards attaining higher power, the 
positive electrode materials that feature high electric 
potential have been explored. Among these, olivine 
materials and oxide materials typically containing 
cobalt, manganese, and vanadium (V) are the 
development objects with immediate priority. These 
materials have discharge capacities around 150–160 
Ah/kg; thus they are unsuited for realizing high 
energy density. The batteries that use these positive 
electrode materials, taking advantage of their high 
power density, aim at reducing the number of serially 
connected cells. Layer-structured vanadium pentoxide 
(V2O5) has been investigated as one of the materials 
with the potential of high energy density, but it has 
the drawback of losing reversibility because of a 
phase transition that takes place during the charging/
discharging process.
   With a view toward attaining higher capacity, on 
the other hand, silicate-based materials and sulfur 
(S)-based materials have been gaining attention. 
Lithium iron silicate (Li2FeSiO4), one of the silicate-
based materials, features superior stability at elevated 
temperatures when used as an electrode material and, 
with two lithium atoms in a molecule, is expected to 
produce a substantial upgrade of discharge capacity 
density. Even the crystal structure of Li2FeSiO4, 
which had been unknown, was elucidated recently 
using the full power of analysis techniques including 
high-resolution X-ray powder diffraction.[43] 
With the information on basic crystal structure in 
hand, expectations are high that the new research 
developments for the use of this material as a positive 
electrode will proceed. The sulfur-based materials 
Reconstructed by SFTC based on Reference[37,38]
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deserve attention for the fact that they have 300Ah/
kg or more of capacity, but their output potential 
is generally low (2.7V) and R&D to substantially 
upgrade this value is needed.
   In order to seek a breakthrough enhancement in 
power and capacity density, a significant increase in 
discharge density must be achieved through the R&D 
on positive electrodes. The R&D, therefore, should 
focus attention on materials that have large capacity 
density (the layered-oxide materials, fluoride-olivine 
materials, silicate-based materials, and sulfur-based 
materials), whereby emphasis should be placed on 
resolving the challenges each material presents. The 
following could offer useful clues for carrying out 
these tasks: doping of trace components, coating 
of electrode surface with a conducting material 
(enhancement of reactivity), and application of 
inorganic chemical synthesis processes that enable the 
control of material structure at the nano-scale level. 
(2)  Negative Electrode Materials
   Large discharge capacity is the necessary criteria, 
just as is the case with the positive electrode, for 
a material to be used as the negative electrode. In 
addition, the use of a material with lower electric 
potential can increase the power and energy density 
of the battery. Figure 9 illustrates the relationships 
between electric potential and discharge-capacity 
density of the materials on which future R&D should 
place emphasis.[37,38]
   Use of lithium-intercalated graphite-based materials 
for a negative electrode is a common practice at 
present, and they provide energy density in the range 
between 200 and 800Ah/kg. Graphite negative 
electrodes have an electric potential of approx. 0.1V. 
As the majority of currently available electrolyte 
solvents cannot stably exist with such a low potential 
as 0.1V, the solvent undergoes decomposition 
cont inuously dur ing the course of l ith ium 
intercalation. A usual method to prevent this is to 
coat the graphite surface with a layer (SEI layer) that 
enables stable intercalation/desorption of lithium ions, 
but the layer also creates the problem of a resistance 
increase during the intercalation/desorption process. 
For graphite-based negative-electrode materials, 
much research has already been carried out on the 
enhancement of power and energy density, and now 
the capacity density of these materials seems to have 
reached their theoretical limits.[14,16] 
   The LTO-based negative electrode has a higher 
electric potential, allowing many electrolytes to stably 
exist. This enables intercalation/desorption of lithium 
ions without the help of a SEI layer, thus reducing 
the internal resistance. However, the average electric 
potential of lithium-ion batteries that use LTO-based 
materials in their negative electrode is relatively low 
(2.4V).[42] 
   From the point of view on enhancing capacity 
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density, such a line of materials as sulfide-based, alloy-
based, lithium-metal-based materials indicate another 
direction of research. Silicon-based materials have 
more than five-times the theoretical discharge capacity 
of graphite-based materials, and silicon-lithium 
intermetallic compounds have also gathered attention 
to be exploited in future. Silicon-based compounds 
(intermetallics with copper, tin, zinc, and titanium) 
have relatively high conductivity and their capacity 
density can be augmented up to 800 Ah/kg. Their 
charge/discharge characteristics are in the process of 
being improved.[41] Although lithium metal and its 
alloys potentially have very high energy density, they 
have never been used. In addition to safety concerns, 
lithium reactions that take place in the electrode-
electrolyte interface during charge/discharge processes 
are beyond control, resulting in quite inadequate 
charge/discharge cycle characteristics. There are still 
many challenges to be overcome related to silicon-
based materials, lithium-silicon intermetallics, and 
lithium-metal-based materials; thus the focus of 
R&D should continue to be placed on them. These 
problems include a degradation of charge/discharge 
cycle characteristics and a lowering of capacity due to 
volume variation during the charge/discharge process, 
an increase of resistance in the electrode-electrolyte 
interface, and the need for longer life and better safety.
6-2 Highly Important Electrolyte Materials for 
Future Research
   The main objective expected in the R&D of 
electrolyte materials is to enhance safety. Insufficient 
safety has been one of the factors that have caused 
delay in the implementation of the lithium-ion 
batteries on board HVs and EVs. Use of a flammable 
solvent as an electrolyte ingredient is always 
accompanied by the danger of ignition in such cases 
as: intrusion of impurities in the production processes, 
occurrence of a short circuit in the electrode, and 
overcharging. If a light, solid hydride featuring rapid 
lithium-ion conduction becomes usable in practice, 
a lighter and safer lithium-ion battery than those that 
use conventional organic-solvent-based electrolytes 
can be realized. It also eliminates the need for anti-
overcharging measures. The major challenge in 
doing so is to enhance the lithium-ion conduction in 
the electrolyte to the level possible in an electrolytic 
solution.
   Figure 10 summarizes ion conduction characteristics 
of the electrolytes currently under R&D, including: 
organic/ionic nonaqueous electrolytes, gel electrolytes, 
and organic/inorganic solid electrolytes.[37,38] Up to the 
present, a carbonate-based organic solvent, mixed with 
the lithium ion salt of 6-phosphorous fluoride (LiPF6), 
has been the mainstream electrolyte, due to its high 
ionic conductivity over a wide temperature range (−30 
to 80°C) and its stable chemical properties. Another 
requirement for an electrolyte is that it will not impair 
other members of the battery because of the voltage 
imposed during the charge/discharge process.
   In order to make an electrolyte flame resistant, fire 
retardant compounds such as phosphorous (P) and 
boron (B) are often added to the electrolyte solution. 
These compounds have the effect of shielding oxygen 
when a fire breaks out, but they cannot guarantee 
sufficient safety.
   In order to upgrade safety substantially, research has 
been carried out to replace liquid materials with solid 
counterparts. However, a solid electrolyte generally 
slows down the lithium-ion conduction, resulting in 
reduced battery performance. Other than liquid-based 
electrolytes, gel polymer electrolytes and organic/
inorganic solid electrolytes have been the objectives 
of research. The gel polymer electrolyte consists of a 
polymer carrier with an electrolyte liquid included/
retained in it, and its polymer network has the effect 
of suppressing the dendritic crystal growth of lithium 
that often occurs on the surface of negative electrodes 
under the condition of high current density. The 
organic solid electrolytes have, with great difficulty, 
attained an ionic conduction level of 10-5S/cm at 
normal temperatures, but they still need a 1000-times 
enhancement to catch up to the level of organic-
solvent-based electrolytes.
   Inorganic materials, such as lithium nitride (Li3N), 
sulfur-containing glass, and sulfur-based amorphous 
electrolytes (Li2S-P2S5) have been investigated for use 
as a solid electrolyte. They generally show a 10-3S/
cm range of ionic conduction at room temperature, 
and are reported to remain stable in combination 
with LiCoO2-based materials (positive electrode) 
and metallic-lithium-based materials (negative 
electrode).[39,42] A case of an all-solid lithium-ion 
battery development has been reported, in which the 
use of a conventional flammable solvent is eliminated 
by such method as mixing solid electrolyte materials 
and positive electrode materials. This all-solid battery 
is reported to have a power level of conventional 
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batteries, while eliminating such problems as ignition 
and liquid leaks. This example uses LiCoO2 materials 
as the positive electrode and lithium-sulfide (Li2S)-
based materials as the electrolyte, and a grafting 
material (nano-scale LiCoO2 particles are mixed with 
Li2S) is applied in the electrode-electrolyte interface 
to enhance lithium ion migration between them.[44, 45] 
Lithium boro-hydride is another example of a solid 
electrolyte material that has been a target of R&D. It 
is a solid hydride that consists of lithium (Li), boron 
(B) and hydrogen (H) and allows rapid lithium ion 
conduction at room temperature. Partial introduction 
of halogenated lithium, such as lithium iodide (LiI), 
into a solid hydride was found to have the effect of 
stabilizing the crystal structures that enable lithium 
ion conduction at room temperature.[46, 47] 
   When exploring a new electrolyte material, due 
attention should be paid to the findings on the 
ionic conduction mechanisms of dissimilar ionic 
electrolytes (e.g., H+, O2−) (they are used, for example, 
in solid-oxide fuel cells).[13] Nano-scale level control 
of the electrode-electrolyte interface structure will 
become necessary in the electrolyte research for all-
solid batteries. 
6-3 Technology for Basic Analysis and Evaluation
   With the objective of attaining breakthrough high 
power and large capacity, as well as enhanced safety, 
it is essential to pursue a fundamental mechanism 
that helps develop battery characteristics, whereby 
a variety of analyses, evaluations, and simulation 
techniques are exploited. Among others, the following 
mechanisms need elucidation from the viewpoint of 
nano-scale structure: the charge-storage mechanism of 
electrochemical reactions that involves charge transfer 
through the ion diffusion and electron conduction 
inside the active materials of the electrode, and the 
mechanism that causes impairment and degradation 
of electrode/electrolyte materials.
   Figure 11 schematically illustrates the methods used 
in basic analysis and evaluation of electrode/electrolyte 
materials. If the charge/discharge mechanism is 
governed only by the adsorption/desorption processes 
on the surface of a nano-crystal, fast charge transfer 
becomes feasible because of the exclusion of slow 
intra-solid charge diffusion processes. It is known that 
active nanocrystalline materials are capable of storing 
a large amount of lithium, in excess of stoichiometric 
prediction, owing to their huge specific surface, and 
enable rapid lithium storage only by the surface. 
Application of this lithium storage mechanism taking 
place inside a nano-crystal to the electrode material 
may raise the possibility of achieving a lithium-ion 
battery with innovative high power and large capacity.
   The electric potential of a battery is related to the 
electron transfers during oxidation/reduction reactions 
that take place between different electronic structures 
and states of valency of the electrode material, and 
the output characteristics are mainly related to ion 
diffusion. Therefore, R&D based on microscopic 
information is becoming increasingly important. 
This includes a material exploration based on the 
elucidation of such factors as the changes of the 
electrode material’s crystal structure and electron 
conformation that takes place during charging/
discharging, and electrochemical reactions that 
occur in the electrode-electrolyte interface. Many 
approaches have been tried along this line including: a 
lithium cluster formation reaction taking advantage of 
the nano-size void inside the electrode structure, and a 
method to utilize the wide oxidation/reduction range of 
transition metal elements through the use of nitrides. 
However, details of these factors and electrochemical 
reactions in electrode-electrolyte interfaces are not yet 
fully understood. In order to develop a battery that can 
retain its innovative characteristics, the fundamental 
mechanism must be explored more actively than ever 
before. Many measurement methods are currently 
employed for evaluation from an electrochemical 
standpoint. These include Alternating Chemical 
Impedance Spectrometry (ACIS), Soft X-ray 
Absorption Spectroscopy (XAS), X-ray Photoemission 
Spectroscopy (XPS), and Fourier-transform Infrared 
Spectrometry (FT-IR). These techniques will continue 
to provide useful tools for identifying the chemical 
species that are formed in the interface between an 
electrode and electrolyte.[41]
6-4  New Electrode-forming Technology
   The secondary battery at present is manufactured by 
winding three sheet-formed planer elements (positive 
and negative electrodes, and a separator in between) 
into a roll, and containing the roll in a cylindrical or 
square shaped vessel made of laminated material, 
whereby the space between the sheets is filled with 
electrolyte. These electrodes are manufactured by 
forming a mixture of paste and powder into a sheet. 
New attempts have been made to transform the 
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two-dimensional battery into a three-dimensional 
structure. The new approach forms, through the 
use of a semiconductor microfabrication technique, 
a countless number of minute protrusions (height: 
several tens of micrometers) on a silicon substrate, and 
three battery elements (positive electrode, negative 
electrode, and solid electrolyte) are formed sterically 
upon the surface of each protrusion. This structure is 
effective for enhancing energy density because it help 
increase discharge capacity and the specific surface of 
electrode materials per unit area. Another feature of 
this structure is that it reduces inter-electrode distance 
between the positive and negative electrodes. Narrow 
inter-electrode distance is expected to help enhance 
ionic diffusion, leading to a higher power density. 
An example along this line is a joint research project 
conducted by Physica1 Sciences lnc. and MIT, which 
made a prototype of a lithium-ion battery that has 
numerous tiny cylindrical electrodes. According to 
the project report, performance reached twice that of 
the conventional parallel-structure lithium-ion battery 
(energy density ≥ 100Wh/kg, power density 1kW/
kg).[48,49] At present, tiny chip-type batteries (typical 
dimension: several cm) are under development for use 
as a source for small devices. Application of the 3D 
structure to medium- and large-size batteries would 
become possible upon the development of a high 
ionic-conduction solid electrolyte and a successful 
scale-up of the production process. 
Research and Development of an 
All-solid Lithium-ion Battery
   For an EV to run a distance of 300 km on single 
charge, assuming a mileage of 6 km per 1kWh,[6] the 
battery must have an energy capacity of 50kWh. The 
batteries with more than 500Wh/kg of energy density 
generally weigh as much as 100 kg. Thus, the use of 
lithium-ion battery technology is much desired to 
realize a large energy density (≥ 500Wh/kg) battery 
because of weight considerations. However, it is 
generally accepted that the currently used structure of 
lithium-ion batteries, even with some sophistication 
in the future, has an energy density ceiling of about 
250 Wh/kg.[37] Several types of innovative secondary 
batteries have been proposed that can theoretically 
have an energy density larger than 500Wh/kg. These 
include: a metal-air battery, an all-solid lithium-ion 
battery, and a multivalent cation battery. Among all 
these types, the lithium-sulfur-based all-solid battery 
is, from feasibility considerations, the most promising 
candidate for the next-generation secondary battery. 
However, several challenges remain to be solved by 
future R&D such as: the low electron conductivity of 
sulfur and its tendency to dissolve into the electrolyte. 
According to the currently accepted view, an 
inorganic all-solid lithium-battery holds the possibility 
of achieving a breakthrough upgrade of energy 
density through the use of sulfur-based material as the 
positive electrode and metallic lithium as the negative 
electrode. This configuration is also expected to 
eliminate short circuits caused by a leaking electrolyte 
solution; thus it has the potential to drastically enhance 
safety. 
Proposal for Advancement of 
Generic/Fundamental Research
    In the present situation, where a rapid transition into 
a low-carbon society is of importance, an acceleration 
of approaches toward the realization of a next-
generation automobile society is urgently needed. The 
high-power, large-capacity lithium-ion battery is one 
of the technologies that are gathering special attention. 
R&D of materials used in electrodes and electrolytes 
concerns generic technology that will help pave the 
way to the batteries with breakthrough performance. 
Government-affiliated organizations should indicate 
approaches toward future technology from the 
standpoint of a long-term strategy. In particular, there 
is much expected of the technology development of 
the materials used in all-solid lithium-ion batteries, 
but high risks and challenges are also involved. The 
research efforts in this area should be funded by public 
investment.
   Publicly-funded research projects should be run 
based on a grand design that is formulated by 
taking the overall aspects of development processes 
into consideration, from the incubation of generic/
fundamental technology to practical realization 
and wide dissemination, wherein the special focus 
should be placed on assisting generic/fundamental 
R&D of the electrode and electrolyte materials used 
in all-solid lithium-ion batteries, from which the 
emergence of breakthrough properties is strongly 
expected. To facilitate such R&D oriented toward 
generic/fundamental technology, projects need 
a well-organized, interdisciplinary framework 
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that involves industry-government-academia 
collaboration.[50] An interdisciplinary organization 
consisting of dissimilar fields of activities has the 
advantage of producing innovative technology in its 
boundary areas in a relatively short time, and allows 
a quick verification of its validity as well. Close, bi-
directional communication between universities and 
public research organizations (generic/fundamental 
research information) and automobile and battery 
manufacturers (technical needs) will accelerate the 
process of transforming research results into practical 
use. 
   Research of a very high level on electrode and 
electrolyte materials, from the nano scale to the 
bulk level, are being pushed forward in each of the 
advanced countries,[27,33]  but Japan should maintain 
its leading role, as it has been up to now, among these 
countries.  Success in the development of technology 
for a high-power, large-capacity all-solid lithium-ion 
battery with superior cost-effectiveness, ahead of all 
other countries, will have widespread repercussions 
not only in the automobile industry, but also in the 
wide spectrum of industries that aim at energy-
saving and lowering environmental burden. Up to 
the present, Japan has had the global lead in the 
lithium-ion technology. However, the government 
agencies and private enterprises in the U.S., European 
countries, Korea, and China, among others, have been 
boosting their research efforts in recent years, aiming 
at greater sophistication of the in-vehicle secondary 
batteries, which poses a threat to Japan’s retaining of 
its advantages in the future. Lithium-ion technology 
for vehicles is the research area in which Japan should 
maintain a technical edge over other countries into 
the future and continue to secure its global leadership 
position.
Conclusion
   Although not discussed in this article in depth, 
important aspects of battery research include the 
environmental friendliness of the materials used and 
concerns about stable resource supply. Full-fledged 
introduction of EVs into the market is expected to start 
around 2012, and widespread use of them requires 
many preparations, such as the implementation 
of infrastructure for charging/replacing batteries, 
further enhancement of performance and safety 
of the secondary batteries. In addition to these 
preparations, concern is deepening around the stable 
supply of battery materials, especially the metallic 
lithium, because the lithium-ion battery is expected 
to be the mainstream driving source for these EVs. 
Lithium deposits that can be mined efficiently and in 
an economically feasible manner are concentrated in 
certain regions. At present, Chile, Australia, China, 
Russia, and Argentina are the major lithium-producing 
countries. Although about 50% of the world’s total 
lithium deposits are estimated to lie in Bolivia, they 
are largely undeveloped. As lithium is a recyclable 
material, the fear of resource depletion is not serious 
if its usage in confined to portable electronics devices. 
However, the dissemination of EVs will trigger a 
precipitous increase in lithium demand, far surpassing 
the present trend of gradual production increase. 
According to a tentative estimation, producing 
EVs to replace 10% of vehicles owned in advanced 
countries (about 60 million units) will require about 
0.42 million tons of lithium,[51] posing the fear of fierce 
battles for resources. Thus, the building of production 
infrastructure and a market for lithium is needed, and 
they must be planned from a long-term standpoint.
   Other aspects from which a breakthrough is urgently 
desired for the widespread use in the future include 
the drastic cost reduction in every step of battery 
production, from synthesis of materials to the final 
product. The price tag for an in-vehicle lithium battery 
is more than twice as high as that of a nickel-hydrogen 
secondary battery, amounting to approximately 
\200,000 per one kWh output. Cost reduction is a 
must in addition to further efforts toward higher power 
and larger capacity. Currently, LiCoO2 (a positive 
electrode material), used in lithium-ion batteries, has 
an especially high in price. The cost largely depends 
on the material and structure of the primary members 
of the battery, such as the positive and negative 
electrode and the separator. In order to attain cost 
reduction, efforts by material manufactures are also 
essential; they must keep an eye on the demand trends 
of in-vehicle lithium-ion batteries and plan investment 
in mass production facilities accordingly.
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Current State and Future Prospects of Countermeasures 
to Soil Contamination 
Yoshihisa Takei
Environment and Energy Research Unit
Introduction
   Soil contamination is one of the seven major 
forms of pollution. The seven major forms of 
pollution are listed in the Basic Environment Law 
and consist of air pollution, water pollution, soil 
contamination, noise, vibration, ground subsidence, 
and offensive odors. In the case of air pollution 
and water pollution, contaminants are diluted 
as they diffuse through the air or water, and as 
such, certain improvements can be achieved by 
regulating the emissions of contaminants. In 
contrast, contaminated soil is unlikely to be diluted. 
Even if contaminating substances are found and 
the emission of such substances is stopped, the soil 
condition will not improve on its own and the soil 
will remain contaminated. 
   The Soil Contamination Countermeasures Act 
(hereinafter referred to as “the Act”) was enacted 
in 2002 to reduce the risk of soil contamination. 
In addition, the Third Basic Environment Plan[1] 
established in 2006 set a policy of preventing soil 
contamination, cleaning up contaminated soil, and 
maintaining a healthy soil environment. The plan 
considers it essential to take into full consideration 
that pollution crosses boundaries between soil, air, 
and water, and that human activities are the cause of 
environmental pollution. This is because there are 
concerns that contamination in soil may lead to air 
and water pollution.   
   In 2002, this Quarterly Review[2] published a 
report that covered the state of soil contamination, 
remediation technology, and a comparison of 
systems to combat soil contamination between 
Japan, the United States, and Europe. After the 
report was published, the Soil Contamination 
Countermeasures Act (which was still undeveloped 
1
2
in 2002) was established. In addition, many old 
factory sites have recently been converted into sites 
for other uses, soil contamination problems have 
been attracting closer attention, and the significance 
of combating soil contamination has been discussed 
more regularly. This report covers trends in 
technology and current issues that have emerged 
since the above-mentioned report was published. 
Deve lopment  and  Cur rent 
State of Laws and Regulations 
Surrounding Soil Contamination
 
2-1 Development of Laws and Regulations 
Surrounding Soil Contamination
   As Table 1 shows, several laws relating to soil 
contamination have been established. Among 
them, the Water Pollution Control Law was the first 
one to be enacted in order to regulate factories’ 
and other establishments’ discharge of substances 
that may harm human health into public water 
areas. The law is significant in terms of the quality 
management of groundwater, a valuable life 
resource. It was much later (during the 1990s) that 
soil contamination was defined for the first time as 
pollution in the Basic Environment Law. In 2002, 
the Soil Contamination Countermeasures Act was 
established, and it prescribes the prevention of 
further soil contamination. Most laws concerning 
action against pollution were enacted when health 
problems caused by pollution became visible and 
were recognized as social problems. In contrast, the 
Act was characteristically enacted in order to create 
social rules to respond to potential health risks 
associated with soil contamination.[3] 
   To prevent the general public from entering soil-
contaminated sites and to prevent human health 
hazards, the Soil Contamination Countermeasures 
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Table 1 : Laws relating to soil contamination
Act prescribes that when the operation of a facility 
that handles hazardous substances (shown in 
Table 2) is shut down, an investigation shall be 
conducted and, if the investigation shows that there 
is soil contamination that may harm human health, 
necessary procedures shall be taken. 
   Soil usually refers to earth and sand covering 
a portion of the earth's surface. However, soil 
contamination does not only refer to contaminated 
ear th or sand but it is also used to refer to 
contaminated land or sites. This is because the 
condition of contamination at a site is directly 
connected to the price of the land in a real 
estate transaction. Unlike water or air, land is 
characteristically owned, and as such, there used to 
be many cases where contamination was hidden. 
However, more information has been disclosed and 
the general public has been paying more attention 
to the matter as more factories relocate and factory 
sites are used more actively for new purposes due to 
changes in industrial structures. 
2-2  Outline of Soil Contamination 
Countermeasures Act
   The Act was established in 2002 to understand the 
state of soil contamination and prevent human health 
hazards associated with soil contamination. The Act 
clearly prescribed how to treat soil contamination 
for the first time. Excerpts related to this report 
can be seen below. Additionally, to solve problems 
Name Issued on Contents related to soil contamination
Water Pollution Control Law Dec. 1970
The law prescribes the continuous monitoring of groundwater conditions, restrictions 
on permeation of harmful substances into groundwater, cleanup of contaminated 
groundwater, etc. The law restricts the discharge of effluent from factories, and thus, 
construction in soil-contaminated areas requires special attention. Prefectures may 
establish more stringent standards than the national effluent standards as well as 
revise the standards by adding items.  
Agricultural Land Soil Pollution 
Prevention Law Dec. 1970
If agricultural land is contaminated by specific harmful substances (cadmium, copper, 
and arsenic), the land may be designated as an agricultural land soil pollution policy 
area, and if so, a policy for agricultural land soil pollution shall be established and 
projects to tackle the pollution shall be conducted accordingly. 
Basic Environment Law Nov. 1993
The law prescribes that the Government of Japan shall establish environmental 
quality standards (relating to soil contamination and groundwater pollution), the 
maintenance of which is desirable to protect human health and conserve the living 
environment.
L a w  C o n c e r n i n g  S p e c i a l 
Measures against Dioxins Jul. 1999
The law prescribes that the Government of Japan shall establish environmental 
quality standards concerning dioxins in air, water, bottom sediment, and soil. The 
environmental standard for soil is 1,000 pg-TEQ/g or less. The index value for 
investigation is 250 pg-TEQ/g (the concentration level requiring a soil investigation). 
S o i l  C o n t a m i n a t i o n 
Countermeasures Act May 2002
The act prescribes designated hazardous substances, soil contamination 
investigation, the designation of designated areas, prevention of health damage 
due to soil contamination, designated investigation institutions, designated support 
corporations, etc.
First-class designated hazardous 
substances 
(volatile organic compounds, 
11 substances)
Second-class designated hazardous 
substances 
(heavy metals, etc., 
9 substances)
Third-class designated hazardous 
substances 
(agricultural chemicals, 
5 substances) 
Carbon tetrachloride
1,2-Dichloroethane 
1,1-Dichloroethylene
cis-1,2-Dichloroethylene
1,3-Dichloropropene
Dichloromethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Benzene
Cadmium and its compounds
Hexavalent chromium compounds
Cyanogen compounds
Mercury and its compounds
Selenium and its compounds
Lead and its compounds
Arsenic and its compounds
Fluorine and its compounds
Boron and its compounds
Simazine
Thiobencarb
Thiuram
PCB
Organic phosphorus compound
Source: Order for Enforcement of the Soil Contamination Countermeasures Act
Table 2 : Designated hazardous substances prescribed in the Soil Contamination Countermeasures Act
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found after the enforcement of the Act, a revision 
will be made in April 2010 to extend the scope of 
application of the Act. Matters related to the revision 
are also discussed below. 
(1) Soil Contamination Investigation
   The Act prescribes that the land falling under the 
following categories shall be investigated.
 
i) Land used as a site for a specified facility (which 
produces, uses, or treats hazardous substances), 
the operation of which was shut down.
ii) Land recognized by a prefectural governor as a 
site that may harm human health hazards due to 
soil contamination.
iii) Land determined by a prefectural governor as 
a site where soil contamination may exist at the 
time when the site (3,000m2 or larger) is about to 
be transformed (by, for example, excavating soil 
and rocks or other objects, developing residential 
areas, and cultivating the land). This category will 
be added at the time of revision in 2010.
   The owner of such land is required to submit to 
the prefectural governor the results of investigation 
conducted by a designated investigation institution. 
The designated investigation institution has the 
technological capacity to conduct such investigation 
and is designated by the Minister of the Ministry 
of Environment in order to ensure the reliability of 
investigation. 
(2) Designat ion of Designated Area and 
Designated Area Register
   If a site does not conform to the standards based 
on an investigation, the site shall be designated as a 
designated area and the designation shall be publicly 
announced. Additionally, a register of designated 
areas shall be made and shall be available for 
inspection. The revision to the Act in 2010 will make 
it possible for the results of voluntary investigations 
conducted by landowners to also be registered, in 
addition to the results of mandatory investigations 
described in 1) above, if the landowners desire and 
offer to do so. In addition, the revision will also 
prescribe that prefectural governors shall do their 
best to collect, organize, conserve, and provide 
information. 
(3) Prevention of Health Hazards Associated with 
Soil Contamination
   When a prefectural governor finds that soil 
contamination of a site may harm human health, the 
governor may order the landowner to take action to 
remove the contamination, etc. (making access to 
the site restricted, covering the soil or paving the 
surface, containing the contaminated soil, cleaning 
up the soil, etc.).
2-3  Investigation Results Based on the Act
   The Ministry of Environment compiled the results 
of soil contamination investigations[5] based on the 
Soil Contamination Countermeasures Act. The 
results up to fiscal 2007 have been published so far, 
and a total of 270 sites exceeded the standards and 
were designated as designated areas. Among these 
sites, 73 sites exceeded only the standards set for 
volatile organic compounds (first-class designated 
hazardous substances), 179 sites exceeded only 
the standards set for heavy metals, etc. (second-
class designated hazardous substances), and 18 
sites exceeded both of the standards (first-class and 
second-class designated hazardous substances). 
No sites exceeded the standards set for agricultural 
chemicals (third-class designated hazardous 
substances). (This report hereinafter refers to the 
first-class designated hazardous substances as 
VOCs, the second-class designated hazardous 
substances as heavy metals, and the third-class 
designated hazardous substances as agricultural 
chemicals, etc.)  
   Figure 1 shows changes in the number of sites 
found to exceed the standards and be designated as 
designated areas after investigations were conducted 
based on the Act. The number has been increasing 
every year. Figure 2 shows the cumulative number 
of sites that exceeded the standards by hazardous 
substance, and the figure shows that the most 
common substances are hexavalent chromium, lead, 
and fluorine, in that order. 
2-4  Law That Remains to Be Established
   Action will continue to be taken against soil 
contamination as long as the Soil Contamination 
Countermeasures Act exists. However, the Act is a 
corrective act that requires that contaminated soil 
be investigated and that action be taken thereafter; 
it is not a preventive act. Soil contamination found 
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Figure 1 : Changes in the number of sites designated as designated areas by 
fiscal year
Source : Reference[5]
Figure 2 : Number of sites designated as designated areas by hazardous substance (cumulative number between fiscal 
2002 [when the Act was enforced] and 2007)
so far is probably the negative legacy of the period 
of high economic growth; however, new types of 
contamination might be progressing. The concept 
and practice of CSR (corporate social responsibility) 
has spread through companies in Japan, and as 
such, it is very unlikely that no action will be taken 
against soil contamination. However, to prevent soil 
contamination for sure, it is hoped that a preventive 
act will be established. 
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Progress in Technology to Clean 
up Soil Contamination
3-1 Current Issues 
3-1-1 Brownfields
   As discussed in Chapter 2, the Soil Contamination 
Countermeasures Act requires an investigation 
of a site if its soil may be contaminated. In recent 
years, the number of voluntary investigations has 
been increasing for the purpose of land transactions, 
property value assessments, etc. The fact that more 
investigations are being conducted is advantageous 
since previously overlooked soil contamination may 
be found. 
   Figure 3 shows data based on a survey conducted 
by the Geo-Environmental Protection Center, 
targeting its member companies. The center is 
a public service corporation, engaging in soil 
contamination investigations as well as taking action 
to solve soil contamination. Some 159 companies 
engaged in investigation, analysis, construction 
consulting, construction, etc. comprise the members 
of the center (as of December 2009). The center 
conducts various kinds of investigations relating 
to soil contamination. In particular, such data as 
shown in Figure 3, acquired through surveys that 
target the member companies, is valuable in that it 
shows the state of soil contamination. Investigation 
results based on the Act are discussed in Chapter 
2-3, but Figure 3 shows that the number of voluntary 
investigations and actions taken to solve soil 
contamination (at the time of land transactions, etc.) 
is much larger than the number of investigations and 
projects conducted based on the Act. 
   For example, in addition to the hazardous 
substances specified by the Act and shown in Table 
2, oil is included as a contaminating substance 
subject to voluntary investigation. The number of 
oil-contaminated sites has been increasing, so the 
Ministry of Environment created the Guidelines for 
Countermeasures against Oil Contamination[6] and 
releases investigation and solution methods. 
   Voluntary action to solve soil contamination is 
taken as a part of property risk management rather 
than environmental risk management, but this 
investigation action
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Figure 3 : Reasons for Conducting Soil Contamination Investigation and Taking Action to Solve 
Soil Contamination
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situation is unavoidable considering the maintenance 
of Japan’s economic activities. There have been 
cases where soil contamination has affected sales 
agreements during land transactions and where soil 
contamination has hindered the smooth use of sites. 
Such land that is not used at all or that is extremely 
underused compared to the extent to which it was 
originally used is called brownfield land. 
   Japan does not have a long history of taking action 
against soil contamination, and as such, the number 
of brownfield sites is currently limited. However, it 
is thought that there are many sites that may become 
brownfields. There are concerns that if the number 
of brownfields increases, it will affect not only the 
environment but also regional economies as well as 
people’s everyday life. 
 
3-1-2 Brownfields in Japan
   Many brownfield sites[8] have been reported 
in Japan and typical cases has been shown in as 
follows. 
(1) An old chemical factory site in a metropolitan 
area
   There was a plan to sell an old chemical factory 
site (which had been closed before the Soil 
Contamination Countermeasures Act went into 
effect) to create a residential area, commercial 
facilities, and business offices. However, the plan 
was not realized because there are contaminating 
substances which are expensive to excavate and 
remove. There is a way to contain the contaminating 
substances at the site rather than removing them 
before trying to sell the land, but it is difficult to find 
a buyer this way. 
(2) A machine factory site in an industrial city 
   There was a plan to sell an old factory site, which, 
as in case (1), had been closed before the Act went 
into effect. However, it is likely that the site will be 
found contaminated if the soil is investigated, and 
the landowner will not be able to cover the cost of 
cleaning up the site. The landowner does not want to 
find out that the site needs to be cleaned up, and as 
such, no investigations have been conducted and the 
land has not been used. 
3-1-3 Land Likely to Become a Brownfield
   Even if the soil is contaminated, if the economic 
value of the land is high, it is very likely that 
some action will be taken to solve contamination 
problems. In fact, many land transactions have been 
concluded when the cost to solve contamination 
problems is 30 percent or less of the transaction 
value. In case of a large site, it is rare that the entire 
site is severely contaminated, making the cost of 
solving contamination problems smaller compared 
to the sales value, and therefore, action will be taken 
for most sites. Thus, land that is small and has low 
value is inclined to become a brownfield.[8]  
3-2 Existing Cleanup Technology
3-2-1 Outline of Existing Cleanup Technology
   Table 3 shows the outline of existing technology 
to clean up contaminated soil. The methods can be 
roughly divided into two: 1) the cleanup process 
occurs after contaminated soil is removed from the 
original site and 2) the cleanup process occurs at the 
site of contamination. 
   In some cases, soil removed from the original site 
may be treated at an appropriate treatment facility 
(decomposition, solidification, etc.), and in other 
cases, contaminated soil may be buried at a final 
disposal site. Among contaminants, heavy metals 
cannot be decomposed chemically, but VOCs can 
be decomposed chemically, and therefore, VOC-
contaminated soil will be cleaned up. 
   Depending on the condition of the site of 
contamination, soil can be cleaned up at the site. 
This is called in situ remediation. In situ remediation 
is inexpensive and many remediation companies 
have been engaging in the development of new 
in situ technology. Table 4 shows major in situ 
remediation technology, but there is no perfect in 
situ remediation technology. Depending on different 
types of contaminants, the condition of groundwater, 
and the condition of the site, an appropriate 
technology will be chosen. However, there are some 
cases where in situ technology cannot be applied at 
all. In all cases, understanding the condition of the 
site is a major factor for successful remediation. 
3-2-2 Actual Case of In Situ Remediation
   This section introduces a case where VOC-
contaminated soi l  was  cleaned up by the 
bioremediation[5] method. The word “bioremediation” 
is a combination of “bio,” meaning “life,” and the 
Latin word remediation, meaning “correction,” 
and refers to a process of using microorganisms for 
contaminated soil in order to decompose hazardous 
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Treatment site Technology Outline
Applicable hazardous substance
VOCs Heavy metals, etc.
Agricultural 
chemicals, 
etc.
Off-site
Clean up of 
excavated soil 
Cleaned up at 
a remediation 
facility
Chemical decomposit ion, 
b i o t r e a t m e n t ,  t h e r m a l 
decomposition (cyanogens, 
agr icu l tu ra l  chemica ls) , 
washing, thermal desorption, 
volatilization
○ × ○
Containment of  
excavated soil 
Treated at 
a treatment 
facility
C ove r i ng  c on t am ina ted 
s o i l  w i t h  a  c o n c r e t e 
barr ier, seepage control, 
inso lubi l iz ing /so l id i f y ing 
t r e a t m e n t ,  r e d u c t i o n 
treatment
－ ○ －
On-site 
(in situ) 
In situ 
remediation
In situ 
decomposition
Chemical decomposit ion, 
biological decomposition ○ × ○
In situ extraction Extraction, washing ○ ○ ○
In situ 
containment
Underground 
impermeable 
wall
C o n t a i n m e n t  u s i n g 
impermeable zones, steel 
sheet piles, etc.
－ ○ －
Solidifying/
insolubilizing 
treatment
I n  s i t u  s o l i d i f y i n g /
inso lub i l i z ing t rea tment 
t h r o u g h  i n j e c t i o n  a n d 
circulation of an agent
－ ○ －
Prepared by STFC based on Reference[9] 
Table 3 : Outline of technology to clean up soil
NOTE: “○ ” means applicable, “×” means inapplicable, and “-” means possible but not used often. 
Technology Outline
In situ extraction
Soil vapor vacuum 
extraction
Vacuum pumps, blowers, etc. are used to remove vaporized contaminants from the zone 
of low permeability.
Air sparging Air at high pressure is injected into the zone of low permeability or groundwater in order to facilitate the vaporization of VOCs.
Extraction of 
groundwater
Groundwater at a contaminated site is extracted and contaminants are removed and 
collected from the groundwater.
Soil vapor/groundwater 
vacuum extraction Groundwater and soil vapor are extracted at the same time.
In situ chemical 
decomposition
Oxidative decomposition
A strong oxidizing agent such as potassium permanganate and Fenton (hydrogen 
peroxide and iron solution) are injected into the ground to decompose VOCs and 
cyanogens. 
Reductive 
decomposition
Strong reducing agents such as iron powders are injected into the ground to reductively 
decompose VOCs. 
In situ biological 
decomposition
Bioremediation
Oxygen and nutrient salts are injected into the ground to increase the number of native 
degrading bacteria to facilitate the decomposition of chlorinated organic compounds and 
oil.
Phytoremediation
Plants are used to collect, decompose, and insolubilize hazardous substances in soil. 
There have been reports that some plants are highly effective for collecting cadmium, 
lead, and arsenic, and some plants are highly effective for absorbing and decomposing 
VOCs and oil. 
In situ soil washing
Water, surfactants, etc. are injected into the ground to extract and remove hazardous 
substances. Water for washing that contains hazardous substances is extracted and 
treated together with groundwater to separate and collect hazardous substances.
Table 4 : Major in situ remediation technology
Prepared by STFC based on Reference[10] 
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substances.  
   VOC contamination problems can often be solved 
by in situ remediation depending on the degree of 
contamination. The following is a typical case of 
bioremediation. 
   An electronics-related company voluntarily 
investigated the soil and groundwater at its 
factory as part of its environmental management 
policy and found that the soil and groundwater 
were contaminated by tetrachloroethylene and its 
decomposition products. Table 5 shows the state 
of contamination. Trichloroethylene was used at 
the factory to clean electronic parts, and it was 
estimated that, for some reason, trichloroethylene 
seeped into and accumulated in the ground. 
   In situ remediation was considered the most 
economical and efficient way to solve this case 
based on the following reasons and was conducted 
accordingly. 
-The factory was in operation and the soil under 
the factory was also contaminated, and therefore, 
large-scale engineering work was difficult.
-The depth of contamination was deep—about 
15m—and the cost of excavation would have been 
substantial.
-There were anaerobic bacteria in the ground, 
which can decompose trichloroethylene and its 
decomposition products. 
   As Figure 4 shows, bioremediation is a process 
where nutrients are injected into the ground, 
through such means as a well, to stimulate bacterial 
growth and activity in order to decompose VOCs. 
In this particular case, nine injection wells were dug 
for the targeted site, and it took about 18 months to 
finish cleaning up the site once the nutrient injection 
began. After the remediation was complete, the site 
was sold to a related company, which built a new 
factory there.
3-3 Development of New Technology to Solve 
Soil Contamination Problems
3-3-1 Predicting Spread of Contamination
   Many research institutes, including the Publics 
Works Research Institute, have been developing 
a system to predict how substances will be 
diffused due to the effect of groundwater f low, 
etc. (hereinafter referred to as advection-diffusion 
analysis). Some research institutes have released 
their advection-diffusion analysis software free of 
charge, and it is hoped that such software will be 
efficiently used for remediation and monitoring.
   To appropriately take action against soil 
contamination, it is essential to understand the 
progress and the effects of contamination. As 
discussed earlier (during the discussion of in 
situ remediation), a major factor for successful 
remediation is how to accurately understand the 
state of contamination and choose an appropriate 
remediat ion method. Even in cases where 
remediation work is not conducted for various 
reasons, it is essential to monitor the state of 
contamination because some substances can move 
or diffuse due to the effect of groundwater flow, 
etc. The following are important perspectives for 
Business Electronics-related Reason for investigation Voluntary investigation based on corporate policy
Specified facility handling 
hazardous substances (the 
operation was closed)
Cleaning facility handling 
trichloroethylene (The 
operation was closed 
before the enforcement 
of the Soil Contamination 
Countermeasures Act.)
Groundwater contamination 
at the site Yes
Area of the site 18,000m² Groundwater contamination around the site Yes
Area of contamination 4,000m² Entry to the site Restricted
Depth of contamination Approx. 15m Use of groundwater as drinking water around the site No
Table 5 : VOC contamination case at an electronics-related company
Hazardous substance exceeding the 
standards Standards Concentration
Trichloroethylene Elution Approx. 100 times higher than the standard
cis-1,2-Dichloroethylene Content Approx. 10 times higher than the standard
Source :  Reference[5] 
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understanding the state and effects of contamination.
1)Possibility of spread of contamination (It spread 
easily or not)
2)Diffusion speed (It is in the order of several 
months or several hundred years)  
3)Possible area and direction of diffusion
4)In cases where there are objects that should be 
protected in the surrounding area, the effect of 
contamination on the objects
   Figure 5 shows an example of advection-diffusion 
analysis. If, under this condition, lead seeps into the 
ground at the contamination source, the contaminant 
diffuses due to the effect of groundwater flow, and 
in about 20 years, the well for drinking water (100m 
away from the source) may be contaminated. If such 
a prediction is made, it will become necessary to 
take action against contamination sooner or later. 
3-3-2 Phytoremediation
   As Figure 6 shows, domestic needs for cleaning up 
soil contamination can roughly be divided into high-
cost short-term remediation and low-cost, long-
term remediation. The former is for cases where the 
deadline of a land transaction has been determined 
and definite action needs to be taken. In contrast, 
the latter is for cases where the deadline of a land 
transaction has not been determined or the price of 
the land is not high and where cost is prioritized over 
speed. If there are no economical methods to clean 
up a site, it will become a brownfield. Therefore, it is 
essential to consider longer remediation periods and 
develop a cleanup method that is very inexpensive.
   Phytoremediation is a method that can satisfy the 
cost requirement. The word “phytoremediation” 
combines the Greek phyto, meaning “plant,” and the 
Latin word remediation, meaning “correction,”[12] 
and refers to a process that reduces or controls the 
outflow of contaminated substances in soil, bottom 
sediment, groundwater, etc. through the use of 
grasses, trees, and rhizosphere microorganisms. 
Plant roots act as a plower when they grow, and they 
provide oxygen and nutrients to soil, stimulating 
bacterial activity around the roots to decompose oil 
and other contaminants. When phytoremediation 
is used for soil contaminated by heavy metals, 
plants absorb contaminants in the soil and the 
contaminants are transferred to the aerial part of the 
plants, which can be removed to reduce the risk of 
soil contamination. Advantages of phytoremediation 
include that it is inexpensive, that it is ecologically 
friendly since no chemicals are used, and that it is 
good for the scenery. In contrast, its disadvantages 
include that it takes a long time to complete, that it 
can only clean up the area where roots can reach, 
that plants that have absorbed contaminants must 
be disposed of properly, and that the soil must be 
enriched enough for plants to grow. 
   The United States and Europe have a long history 
of actively studying phytoremediation. In Japan, 
phytoremediation-related patents began to be filed 
about ten years ago,[13] and many studies have 
Source: Reference[5]
Figure 4 : Bioremediation
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Figure 5 : Example of advection-diffusion analysis
Data from Public Works Research Institute
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報告例 15）の図である。この例では、
一定の間隔で有孔のパイプを埋設
し、通気性を上げることで、微生
物の生育環境を整え、油汚染土壌
を浄化することができた。
汚染物質に適した植物の発見に
ついても、多くの報告例があるが、
実際の汚染区域において浄化用の
植物を栽培する段階まで進んでい
ない。油汚染土壌の浄化に特化し
た栽培手法の報告例も前記の例の
みで他にはない。また重金属の吸
収の場合には、吸収後の植物の処
置方法も確立していない。これら
は今後の課題である。近い将来、
国内でもブラウンフィールドの増
加が問題になってくると思われる
ため、この技術のノウハウ蓄積に
近々に取り組んでおく必要がある。
3-3-3　 汚染のリスクという 
考え方
土壌汚染による根本的な問題は、
土壌汚染の存在そのものではなく、
土壌中の有害物質が様々な経路を
通じて人の健康に影響を及ぼすこ
とである。本稿では触れていない
が、土壌汚染には人為的な原因で
はなく自然に由来するものも少な
くない。よって土壌汚染対策の本
来の目的は、汚染土壌をこの世か
ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
健康に問題の出ないレベルまで下
げる、すなわち環境リスクを許容
範囲内に抑制することである。欧
米ではこのような環境リスクとい
う考え方が我が国より早く導入さ
れており、環境リスクに関する研
究や制度化が進んでいる 16）。
我が国でも社団法人土壌環境セ
ンターや大学等の研究機関で、環
境リスクに関する検討が始まった
ところである。環境リスク評価は、
汚染物質の汚染源での値で一律評
価するのではなく、人への暴露経
路を考慮してリスクを評価するも
のである。土壌環境センターは、
いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
する提言 17）としてまとめ、このよ
うなリスク評価に関する情報を広
く社会的に発信すべきとしている。
参考文献11）を基に科学技術動向研究センターにて作成
図表 11　土壌汚染浄化のニーズ
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報告例 15）の図である。この例では、
一定の間隔で有孔のパイプを埋設
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を浄化することができた。
汚染物質に適した植物の発見に
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ない。油汚染土壌の浄化に特化し
た栽培手法の報告例も前記の例の
みで他にはない。また重金属の吸
収の場合には、吸収後の植物の処
置方法も確立していない。これら
は今後の課題である。近い将来、
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はなく自然に由来するものも少な
くない。よって土壌汚染対策の本
来の目的は、汚染土壌をこの世か
ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
健康に問題の出ないレベルまで下
げる、すなわち環境リスクを許容
範囲内に抑制することである。欧
米ではこのような環境リスクとい
う考え方が我が国より早く導入さ
れており、環境リスクに関する研
究や制度化が進んでいる 16）。
我が国でも社団法人土壌環境セ
ンターや大学等の研究機関で、環
境リスクに関する検討が始まった
ところである。環境リスク評価は、
汚染物質の汚染源での値で一律評
価するのではなく、人への暴露経
路を考慮してリスクを評価するも
のである。土壌環境センターは、
いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
する提言 17）としてまとめ、このよ
うなリスク評価に関する情報を広
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報告例 15）の図である。この例では、
一定の間隔で有孔のパイプを埋設
し、通気性を上げることで、微生
物の生育環境を整え、油汚染土壌
を浄化することができた。
汚染物質に適した植物の発見に
ついても、多くの報告例 あるが、
実際の汚染区域において浄化用の
植物を栽培する段階ま 進んでい
ない。油汚染土壌の浄 に特化し
た栽培手法の報告例も前記の例の
みで他にはない。また重金属の吸
収の場合には、吸収後 植物の処
置方法も確立していない。これら
は今後の課題である。近い将来、
国内でもブラウンフィールドの増
加が問題になってくると思われる
ため、こ 技術のノウハウ蓄積に
近々に取り組んでおく必要がある。
3-3-3　 汚染のリスクという 
考え方
土壌汚染による根本的な問題は、
土壌汚染 存在そのものではなく、
土壌中の有害物質が様々な経路を
通じて人の健康に影響を及ぼすこ
とである。本稿では触れていない
が、土壌汚染には人為的な原因で
はなく自然に由来するものも少な
くない。よって土壌汚染対策の本
来の目的は、汚染土壌をこの世か
ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
健康に問題の出ないレベルまで下
げる、すなわち環境リスクを許容
範囲内に抑制することである。欧
米ではこのような環境リスクとい
う考え方が我が国より早く導入さ
れており、環境リスクに関する研
究や制度化が進んでいる 16）。
我が国でも社団法人土壌環境セ
ンターや大学等の研究機関で、環
境リスクに関する検討が始まった
ところである。環境リスク評価は、
汚染物質の汚染源 の値で一律評
価するのではなく、人への暴露経
路を考慮してリスクを評価するも
のである。土壌環境センターは、
いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
する提言 17） してまとめ、このよ
うなリスク評価に関する情報を広
く社会的に発信すべきとしている。
参考文献11）を基に科学技術動向研究センターにて作成
図表 11　土壌汚染浄化のニーズ
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報告例 15）の図である。この例では、
一定の間隔で有孔のパイプを埋設
し、通気性を上げることで、微生
物の生育環境を整え、油汚染土壌
を浄化することができた。
汚染物質に適した植物の発見に
ついても、多くの報告例があるが、
実際の汚染区域において浄化用の
植物を栽培する段階まで進んでい
ない。油汚染土壌の浄化に特化し
た栽培手法の報告 も前記の例の
みで他にはない。また重金属の吸
収の場合には、吸収後の植物の処
置方法も確立していない。これら
は今後の課題である。近い将来、
国内でもブラウンフィールドの増
加が問題になってく と思われる
ため、この技術のノウハウ蓄積に
近々に取り組んでおく必要がある。
- -3　 汚染のリスクという 
考え方
土壌汚染による根本的な問題は、
土壌汚染の存在そのものではなく、
土壌中の有害物質が様々な経路を
通じて人の健康に影響を及ぼすこ
とである。本稿では触れていない
が、土壌汚染には人為的な原因で
はなく自然に由来するものも少な
くない。よって土壌汚染対策の本
来の目的は、汚染土壌をこの世か
ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
健康に問題の出ないレベルまで下
げる、すなわち環境リスクを許容
範囲内に抑制す ことである。欧
米ではこのような環境リスクとい
う考え方が我が国より早く導入さ
れており、環境リスクに関する研
究や制度化が進んでいる 16）。
我が国でも社団法人土壌環境セ
ンターや大学等の研究機関で、環
境リスクに関する検討が始まった
ところである。環境リスク評価は、
物質 汚染源での値で一律評
価するのではなく、人への暴露経
路を考慮してリスクを評価するも
のである。土壌環境センターは、
いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
する提言 17） してまとめ、このよ
うなリスク評価に関する情報を広
く社会的に発信すべきとしている。
参考文献11）を基に科学技術動向研究センターにて作成
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ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
健康に問題の出ないレベルまで下
げる、すなわち環境リスクを許容
範囲内に抑制することである。欧
米ではこのような環境リスクとい
う考え方が我が国より早く導入さ
れており、環境リスクに関する研
究や制度化が進んでいる 16）。
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境リスクに関する検討が始まった
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路を考慮してリスクを評価するも
のである。土壌環境センターは、
いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
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を浄化することができた。
汚染物質に適した植物の発見に
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植物を栽培する段階まで進んでい
ない。油汚染土壌の浄化に特化し
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が、土壌汚染には人為的な原因で
はなく自然に由来する の 少な
くない。よって土壌汚染対策の本
来の目的は、汚染土壌をこの世か
ら失くすことではなく、汚染物質
に起因した悪影響の可能性を人の
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いち早く環境リスク評価の重要性
を指摘し、我が国の土壌環境対策
におけるリスク評価のあり方に関
する提言 17）としてまとめ、このよ
うなリスク評価に関する情報を広
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recently been presented at academic conferences. 
Studies have been conducted on genetically 
engineering plants in order to increase their capacity 
to absorb heavy metals.[14] However, most of the 
reported studies are still in the experimental phase, 
and there are not many cases of cleaning up a large 
amount of contaminated soil at an actual site. 
   Phytoremediation is often called the ultimate 
low-cost remediation method, and as such, it 
is mistakenly believed that not much effort is 
necessary. However, soil at contaminated sites is 
very different from soil for growing vegetables, and 
plants do not grow well at these sites just by using 
regular agricultural or landscaping know-how.
   For example, Italian rye grass is known to remedy 
oil contamination. The plant is commonly grown as 
a pasture grass, but it is difficult for its roots to grow 
in oil-contaminated soil because oil seeps through 
openings in the soil and also makes it difficult for 
bacteria to grow. 
   Figure 7 illustrates a case where Italian rye 
grass was successfully grown in oil-contaminated 
soil. In this case, perforated pipes were buried at 
intervals to create a good living environment for 
bacteria by improving air permeability, and the oil-
contaminated soil was remedied. 
   Many plants have been found appropriate for 
certain contaminants, but we have not yet reached 
the stage where these plants can be cultivated to 
clean up actual contaminated areas. The above-
mentioned phytoremediation method using Italian 
rye grass is the only case that has been reported 
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Figure 6 : Needs for soil contamination remediation
Prepared by STFC based on Reference[11]
Figure 7 : Cleaning up oil-contaminated soil using phytoremediation
Prepared by STFC based on Reference[15]
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for cleaning up oil-contaminated soil. Additionally, 
we have not yet established a method to treat 
plants that have absorbed heavy metals. We need 
to address these issues in the future. The number 
of brownfields in Japan is expected to increase in 
the near future, and thus, it is essential to begin 
accumulating know-how on phytoremediation. 
3-3-3 Concept of Contamination Risk
   The fundamental problem of soil contamination 
is not the existence of soil contamination itself 
but is the fact that hazardous substances in soil 
may affect human health through various routes. 
It is not covered by this report, but there are many 
cases where soil contamination occurs naturally, 
not anthropogenically. Therefore, our goal is not 
to eliminate soil contamination from the earth but 
to reduce the possibility of negative impacts of 
contaminants to a level that is not harmful to human 
health, that is to say, to control environmental 
risks to keep them within an allowable range. The 
United States and Europe adopted the concept of 
environmental risks earlier than Japan did, and their 
research and systems surrounding environmental 
risks are more advanced than Japan’s.[16]
   In Japan, the Geo-Environmental Protection 
Center, universities, and other research institutes 
have begun to consider environmental risks. The 
goal of environmental risk assessment is not to 
make assessments in a uniform manner based on the 
amount of contaminants at a contamination source 
but rather to consider exposure routes and assess the 
risks. The Geo-Environmental Protection Center 
was among the first to point out the significance 
of environmental risk assessments, and it drew 
up a proposal that addressed how Japan’s risk 
assessments for soil environments should be,[17] and 
stated that information concerning risk assessments 
should be publicized to the public. 
Conclusion
   Since the enactment of the Soil Contamination 
Countermeasures Act in 2002, some progress has 
obviously been made in investigating and cleaning 
up soil contamination. The revision to the Act in 
2010 will extend the scope of investigations, and 
therefore, it is expected that new contaminated 
areas will be identified. It is also estimated that the 
number of voluntary investigations will increase in 
order to reduce property risks. 
   It is a very significant matter for residents 
and other related parties that the state of soil 
contamination will be revealed. However, it will 
be a huge loss for Japan (with its small land area) if 
contaminated sites remain as-is and unused based on 
their economic assessment. To reduce the number of 
brownfields, it will be helpful to establish low-cost 
remediation methods (including phytoremediation) 
and technology to enable more reliable remediation 
as well as to take more reasonable action to solve 
soil contamination problems. In particular, it is 
essential to take action in a planned manner when 
developing technology that requires a long period 
to accumulate know-how, and to do so, it is also 
critical to receive cooperation from companies and 
other organizations that actually own a large amount 
of contaminated soil. 
   Overseas, there is a substantial amount of soil that 
has been contaminated due to natural disasters or 
wars. The climate and other various conditions may 
be different from those of Japan, but if we can test 
remediation methods in such land and accumulate 
know-how, it  wil l  help us establish global 
remediation technology. Some countries (which 
have large areas of land) may not yet be seeing 
brownfields as much of a problem, but if there are 
inexpensive remediation methods, these countries 
may also take action. This author hopes that Japan’s 
technology will be used not only domestically but 
also globally.
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Introduction
   The Four th Assessment Repor t [1] of  the 
Intergovernmental Panel on Climate Change 
(IPCC) states that “Warming of the climate system 
is unequivocal…Most of the observed increase 
in global average temperatures since the mid-20th 
century is very likely due to the observed increase 
in anthropogenic greenhouse gas concentrations.” 
Carbon dioxide is the most important greenhouse 
gas; and its global atmospheric concentration has 
“increased markedly as a result of human activities 
since 1750, far exceed pre-industrial values determined 
from ice cores spanning many thousands of years.” 
More specifically, the IPCC Fourth Assessment 
Report says, “The global atmospheric concentration 
of carbon dioxide has increased from a pre-industrial 
value of about 280 ppm to 379 ppm in 2005. The 
atmospheric concentration of carbon dioxide in 2005 
exceeds by far the natural range over the last 650,000 
years (180 to 300 ppm) as determined from ice cores.” 
   The increase in greenhouse gas emissions is 
likely to contribute to further increases in ocean 
and atmospheric average temperatures and rising 
sea levels. There are concerns that such increases 
in greenhouse gas emissions are likely to have 
a significant impact on the ocean environment, 
namely, ocean acidification. Currently, ocean water 
is alkaline, with a pH between about 7.4 and 8.2. 
As the atmospheric concentration of carbon dioxide 
increases, the ocean absorbs more carbon dioxide 
from the atmosphere, making ocean water pH closer 
to the acidic side of the scale. The IPCC Fourth 
Assessment Report1] notes that “The uptake of 
anthropogenic carbon since 1750 has led to the ocean 
becoming more acidic, with an average decrease 
in pH of 0.1 units” and that “While the effects of 
observed ocean acidification on the marine biosphere 
are as yet undocumented, the progressive acidification 
4
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1
of oceans is expected to have negative impacts on 
marine shell-forming organisms…and their dependent 
species.” Additionally, in recent years, other research 
communities have separately stated and warned 
that the progress of ocean acidification may affect 
ecosystems.
   This report will discuss in detail the significance 
of ocean acidification research and national and 
international trends in ocean acidification research.
Significance of Ocean Acidification 
Research
2-1  Mechanism of Ocean Acidification
   Carbon dioxide gas absorbed in ocean water 
(dissolved carbon dioxide) reacts with water to form 
carbonic acid (H2CO3) and its dissociation products, 
bicarbonate ion (HCO3−), and carbonate ion (CO32−), 
which exist in solution and whose equilibrium is 
governed by the following equations.
CO2 + H2O ↔   H2CO3             (1)
H2CO3   ↔   H+ + HCO3−          (2)
HCO3−   ↔   H+ + CO32−              (3)
   Carbonate ion, bicarbonate ion, and dissolved carbon 
dioxide shall be collectively referred to as the total 
carbonic acid. The sum of bicarbonate ion and twice 
the carbonate ion shall be referred to as the carbonate 
alkalinity. Additionally, dissolved carbon dioxide, 
carbonic acid, bicarbonate ion, and carbonate ion shall 
be collectively referred to as carbonates.
   When more carbon dioxide diffuses into the 
ocean, the reactions in (1) and (2) occur from left to 
right, increasing the concentration of hydrogen ions. 
Using these hydrogen ions, the reaction in (3) occurs 
from right to left, decreasing carbonate ion. As a 
result, bicarbonate ions increase and carbonate ions 
decrease. For example, one theoretical calculation[2] 
suggests that if the atmospheric concentration of 
2
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Source : Reference[3]
Figure 1 : Atmospheric CO2 at Mauna Loa and surface ocean pH and pCO2 (partial 
pressure of carbon dioxide) near Hawaii (Station Aloha).
carbon dioxide is 280ppm, then carbon acid will be 
8 μmol/kg, bicarbonate ion will be 1617 μmol/kg, 
and carbonate ion will be 267 μmol/kg. In contrast, 
the calculation indicates that if the atmospheric 
concentration of carbon dioxide is 560ppm, the 
concentrations will be 15 μmol/kg, 1850 μmol/kg, and 
176μmol/kg, respectively. pH is an indicator of the 
concentration of hydrogen ions; pH decreases as the 
concentration of hydrogen ions increase. The above-
mentioned calculation shows that if carbon dioxide in 
the atmosphere is 280ppm, pH is 8.15, and that when 
carbon dioxide in the atmosphere is 560ppm, pH is 
7.91. pH=7 is defined as neutral, and in fact, today’s 
slightly alkaline oceans are becoming more neutral. 
However, this actually means that the oceans are 
becoming more acidic, and therefore such changes in 
condition are usually called ocean acidification.
   Figure 1 compares the concentration of atmospheric 
carbon dioxide, surface ocean pH, and surface 
ocean pCO2 (partial pressure of carbon dioxide) 
near Hawaii.[3] It shows that surface ocean pCO2 
increases and surface ocean pH gradually decreases 
as atmospheric carbon dioxide increases.
2-2  Effects of Ocean Acidification on Ecosystems
   There are organisms that have calcareous shells or 
skeletons in the ocean. Coral skeletons, for example, 
are composed of crystal forms of calcium carbonate 
known as aragonite, and bivalve and coccolithophore 
(phytoplankton) shells are composed of crystal forms 
of calcium carbonate known as calcite. The ocean 
surface usually has high concentrations of carbonate 
and calcium ions, and solid calcium carbonate 
can stably exist in such an environment (calcium 
carbonate is oversaturated). If the degree of saturation 
becomes one or smaller, it may be difficult for these 
organisms to maintain calcium carbonate shells and 
skeletons, making it harder for them to live in such an 
environment. Figure 2 shows a kind of coccolithophore 
collected from the East Bering Sea shelf in September 
2006, when a substantial increase in the number of 
coccolithophores was observed. Disk-shaped outer 
shells (coccoliths) are made up of calcium carbonate. 
The left picture shows a healthy coccolithophore. The 
coccolithophore in the right picture has deformed 
outer shells. One cannot necessarily conclude that 
this particular coccolithophore actually dissolved 
due to ocean acidification. However, according 
to some experts, a local pH may decrease when 
coccolithophores proliferate and actively produce 
coccoliths. It is thought that coccolithophores can 
be easily deformed as seen in the right picture if the 
saturation state of calcium carbonate decreases. 
   If the environment becomes difficult for organisms 
with calcareous shells or skeletons to live in, 
ecosystems may be affected, particularly in the 
following areas.
-Phytoplanktons are the first level of the food 
chain and primary producers. In addition, some 
zooplanktons and shellfish also have calcareous 
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が減少する。その結果、炭酸水素
イオンは増加し、炭酸イオンは減
少する。例えば、大気中の二酸化
炭素濃度が 280ppm の時、炭酸は 8 
μmol/kg、炭酸水素イオンが 1617 
μ mol/kg、 炭 酸 イ オ ン が 267μ 
mol/kg となるが、大気中の二酸化
炭素濃度が 560ppm となると、そ
れ ぞ れ 15μmol/kg、1850μmol/
kg、176μmol/kg となるという理
論計算 2）もある。pH は水素イオン
濃度の指標で、水素イオン濃度が
増加すると低下する。上述の理論
計算 2）では、大気中の二酸化炭素
が 280 pm の時の pH は 8.15 とな
り、560ppm の時には 7.91 と計算
される。中性の定義は pH＝7 とさ
れているので、実態としては、現
在弱アルカリ性の海洋がより中性
に近づくことになるが、酸性度が
増すことを意味するので、このよ
うな状態変化は一般的には「海洋酸
性化」と称されている。
 　図表 1 は、ハワイ付近において
大気中の二酸化炭素濃度と海洋表
面の二酸化炭素分圧および pH を
比較したものである 3）。大気中の
二酸化炭素の上昇に伴って海洋表
面の二酸化炭素分圧も上昇し、pH
が序々に下がっていることがわか
る。
2─2
海洋酸性化が
生態系に与える影響
　海洋には、殻や骨格が炭酸カル
シウムから出来ている生物が生息
している。例えば、サンゴの骨格
はアラゴナイト（あられ石）という
炭酸カルシウム結晶で構成されて
おり、二枚貝の殻や円石藻という
植物プランクトンの殻などは、カ
ルサイト（方解石）と呼ばれる炭酸
カルシウム結晶から出来ている。
海洋の表層は、一般に炭酸イオン
もカルシウムイオンも十分に濃度
が高く、固体の炭酸カルシウムが
化学的に安定して存在できる状態
にある（炭酸カルシウムが過飽和の
状態にある、と言う）。飽和度が 1
以下となれば、炭酸カルシウムの
殻や骨格を維持しにくくなる可能
性もあり、これらの生物にとって
はこれまでに比して生息しにくい
環境になると考えられる。図表 2
は、2006 年 9 月にベーリング海東
部陸棚域で観測された大増殖時に
採取した円石藻の一種である。外
側の円盤状の殻（円石）が炭酸カル
シウムによって出来ている。左側
の写真が健全な個体である。右側
の個体は、外側の殻に変形がみら
れる。この個体が実際に海洋酸性
化によって溶解したものと必ずし
も断定はできるわけではないが、
大増殖の際、活発に円石を作り出
している時には局所的に pH が低
下する場合があるという見方もあ
り、炭酸カルシウムの飽和度が下
がれば、右のような状態になり易
くなるであろうと考えられている。
　炭酸カルシウムの殻や骨格をも
つ生物にとって棲みにくい環境に
なれば、以下のように特に生態系
に影響を及ぼす可能性が懸念され
ている。
　・ 植物プランクトンは食物連鎖
の最下位に属する一次生産者
である。また、動物プランク
トンや貝類にも炭酸カルシウ
ムの殻や骨格を持つ生物がい
る。食物連鎖の下位に属する
生物相が変化すれば、上位の
生物相にも変化を引き起こし、
水産業に影響を与えるなどの
食糧問題につながる可能性が
ある。
　・ 生物多様性に影響を与える可
能性がある。例えば、サンゴ
礁に影響を及ぼせば、サンゴ
そのものだけではなく、サン
ゴ礁に棲む生物にも影響する。
　しかし、これらは全て定性的な
傾向あるいは可能性である。研究
室内で行われる実験などで高二酸
化炭素分圧下で培養すると円石藻
の生育が阻害されるという研究な
どはあるものの 4）、必ずしも十分
な知見が蓄積されているとは言え
ない状態である。飽和度が 1 以下
になったからといって、必ずしも
直ちに貝や植物プランクトンの殻
が溶け出すというわけでもない。
また飽和度が 1 以上の状態であっ
ても、低下しただけで影響がでる
場合もある。実際の海洋において
どのような生物がどの程度の影響
をうけるのかについてはまだほと
んど未解明と言っても過言ではな
ᶏᵗ⴫㕙ߩੑ㉄ൻ὇⚛ಽ࿶ (µatm)
ᄢ᳇ਛߩੑ㉄ൻ὇⚛Ớᐲ (ppmv)
ᶏᵗ⴫㕙ߩpH海洋表面の
出典：参考文献3）
図表 1　マウナロア山上で観測された大気中の二酸化炭素濃度とハワイ近海の観測点
（Station ALOHA）で計測された海洋表面の二酸化炭素分圧およびpH
Mauna Loa atmospheric CO2 (ppmv)
Aloha seawater pCO2 (μatm)
Aloha seawater pH
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shells and skeletons. Changes in lower levels of the 
food chain lead to changes in higher levels of the 
food chain, which may affect the fisheries industry 
and cause other food problems.  
-Biodiversity may be affected. For example, if a coral 
reef is affected, not only corals but also organisms 
living in the coral reef are also affected. 
   However, these are all qualitative tendencies or 
possibilities. Research[4] has shown that the growth of 
coccolithophores is hindered when they are cultured 
under partial pressure of carbon dioxide in a lab. 
However, there is as yet insufficient evidence to prove 
this. Even if the degree of saturation becomes one or 
smaller, shellfish or phytoplankton shells would not 
necessarily begin to dissolve right away. On the other 
hand, organisms may be affected by the fact that the 
saturation state decreases even if the saturation state 
remains one or larger. It is no exaggeration to say 
that we barely understand which organisms in the 
actual ocean may be affected and to what degree, and 
in particular, we have not yet reached quantitative 
discussions at all. 
2-3 Effects of the Marine Carbon Cycle on Ocean 
Acidification
   It is thought that ocean acidification is caused by the 
increase in anthropogenic carbon dioxide emissions 
into the atmosphere. Atmospheric carbon dioxide is 
taken into the ocean through different processes.[5]
   Firstly, carbon dioxide dissolves into the ocean 
through gas exchange at the ocean surface. The 
keys for this exchange are the difference in the 
concentrations of carbon dioxide between the 
atmosphere and the ocean as well as the solubility of 
carbon dioxide into seawater. The solubility becomes 
higher as the water temperature becomes lower. In 
addition, when seawater becomes heavy due to the 
formation of high-salinity-water through the process 
of cooling or freezing, the water moves down from 
the ocean surface to the middle and the lower ocean. 
Currents transport carbon dioxide (dissolved at the 
ocean surface) to the middle and the lower ocean. The 
dissolution of carbon dioxide from the atmosphere and 
the transport of carbon dioxide to the middle and the 
lower ocean through circulations are broadly referred 
to as the solubility pump. 
   Biological activities are another important factor. 
There are two kinds of processes, where organic 
carbon forms soft tissues and inorganic carbon 
forms hard tissues. Phytoplanktons fix carbon 
(produce organic carbon) via photosynthesis. Dead 
phytoplanktons and other particulate materials are 
transported to the middle and the lower ocean, and 
this is called the biological pump. During this process, 
phytoplanktons at the ocean surface remove carbon 
dioxide from the ocean and transport it to the middle 
and the lower ocean. Organic matter is oxidized by 
bacteria (while it is being transported to the middle 
and the lower ocean or lying at the top of ocean-floor 
deposits) and becomes inorganic carbon, increasing 
the carbonic acid level in the ocean (the increase in the 
carbonic acid level decreases the ocean’s capacity to 
dissolve carbon dioxide). 
   Calcareous shells and skeletons (inorganic carbon) 
Figure 2 : A kind of coccolithophore collected from the East Bering Sea shelf in September 
2006, when a substantial increase in the number of coccolithophores was 
observed. A healthy coccolithophore (left). A coccolithophore considered to be 
dissolved (right). 
Source :  Japan Agency for Marine-Earth Science and Technology
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概　要
海洋酸性化研究の動向
　地球温暖化の主たる原因とされている人為起源の二酸化炭素の増加は、温度上昇や海
面の水位上昇のほか、海洋環境に与える影響も懸念されている。海洋表層には、炭酸カ
ルシウムの殻や骨格を持つ生物が生息している。海洋の表層は、一般に炭酸イオンもカ
ルシウムイオンも十分に濃度が高く、固体の炭酸カルシウムが化学的に安定して存在で
きる状態にある。大気中の二酸化炭素濃度が増えると海洋にとけ込む二酸化炭素も増え、
海洋の酸性化が進行し、海洋表層の生物がこれまでより炭酸カルシウムを生成あるいは
維持しにくい環境となり、生態系に大きな影響を与える可能性がある。
　近年、研究者コミュニティ等から相次いで酸性化の進行と生態系への懸念が表明され
ている。このような状況を踏まえ、欧州では、9 カ国 27 の研究機関が参画し、海洋酸性
化による生物学的・生態学的・地球化学的・社会学的影響の理解を深めるための 4 年間
の研究計画“European Project of Ocean Acidification”が進んでいる。また米国では、
海洋大気庁（NOAA）と全米科学財団（NSF）から委託を受けた全米科学アカデミーが
包括的調査研究を実施している。我が国でも環境省地球環境研究総合推進費で海洋酸性
化問題を主題に、現状把握のための観測や研究が実施されている。また海洋観測からは、
日本近海では序々に酸性化が進行しつつあり、特に北極海においてはすでに未飽和海域
がある等の結果が得られている。海洋酸性化が生物に及ぼす影響、ひいては我々の社会
生活に及ぼす影響まで考慮すれば、生態学的基礎研究に加え社会学的視点の研究も必要
であり、欧州に見られるような、社会的影響調査も視野に入れた分野横断かつ機関横断
的な大規模研究の枠組みも必要である。
円石藻の一種。左が健全な個体、右が溶解の影響を受けたと思われる個体
出典：（独）海洋研究開発機構提供資料
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produced through biological activities also sink to 
the ocean floor in particles after organisms die or 
discharge excrement. When calcium ions (Ca2+) form 
calcareous (CaCO3) shells and skeletons, hydrogen 
carbonate ions are also used, emitting carbon dioxide 
(Equation (4)).
Ca2+ + 2 HCO3-  →   CaCO3  + H2O + CO2    (4)
Atmospheric carbon dioxide
Surface
Carbonates (dissolved carbon dioxide, bicarbonate ion, and carbonate ion)
Formation of 
shells and 
skeletons
Photosynthesis
Marine organisms CO2O2
Surface Ocean 
Organic Inorganic
carbon
(CH2O)n
carbon
CaCO3
Sedimentation
Deep Ocean 
Bacterial decomposition Dissolution Downwelling Upwelling 
Biological pump Alkalinity pump Solubility pump 
Prepared by the STFC 
Figure 3 : Mechanism of carbon dioxide uptake into the ocean’s interior
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3   海洋酸性化研究の国際的状況
3─1
国際的な提言
科学委員会（SCOR ③）および国際連
合教育科学文化機関（UNESCO ④）
傘下の政府間海洋学委員会（IOC⑤）
が 共 同 で サ ポ ー ト し て い る
Internat ional  Ocean Carbon 
Coordinate Project（IOCCP） が、
世界各国の二酸化炭素に関連する
海洋観測の調整と情報交換の場を、
Web ベースで提供している。実際
の デ ー タ は CLIVAR Carbon and 
Hyd r og r aph i c  Da t a  O f f i c e
（CCHDO） と Carbon Dioxide 
Information Analysis Center
（CDIAC）から提供されている。
　海洋酸性化は比較的新しい研究
分野と言える。そのため、前述の
ように海洋酸性化の影響に関して
具体的あるいは定量的な議論には
至っていない。しかし、海洋生態
系に何らかの影響を与えることは
定性的には明らかと考えられ、研
究者コミュニティから相次いで国
際的な提言がなされている。
参考文献6）を基に科学技術動向研究センターにて作成
図表 4　過去約 30 年の観測データから算出した 1 年当たりの平均的な二酸化炭素吸収量（二酸化炭素フラックス。炭素量に換
算してある）。プラスは放出域、マイナスは吸収域。太線がゼロ
 
科学技術動向研究センターにて作成
図表 3　二酸化炭素が海洋内部に取り込まれる仕組み
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Prepared by the STFC based on Reference[6]
Figure 4 : Mean carbon dioxide uptake per year based on observational data from the past 30 years or so (carbon dioxide 
flux, converted to the amount of carbon). Positive numbers indicate carbon dioxide emitting areas; negative 
numbers indicate carbon dioxide absorbing areas. The heavy line indicates zero.
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3
   The middle and the lower ocean is unsaturated, 
and thus, calcium carbonate dissolves when it is 
transported there, increasing the alkalinity. When 
the alkalinity becomes higher, the ocean’s capacity 
to dissolve carbon dioxide increases. This process 
involves changes in alkalinity and is called the 
alkalinity pump (Figure 3).
   The uptake of carbon dioxide is not consistent, as 
it depends on multiple processes including physical, 
chemical, and biological processes in the ocean. 
Figure 4 shows the annual sea–air transfer of carbon 
dioxide (carbon dioxide flux) based on about three 
million surface water pCO2 measurements obtained 
since 1970.[6] This is so called a climatological mean 
and does not show the difference in the degree of 
absorption by year. To understand ocean acidification, 
it is essential to examine in detail the gap from the 
climatological mean.     
   To sufficiently conduct ocean acidification research, 
it is required not only to monitor the increase in the 
atmospheric carbon dioxide but also to conduct global 
ocean observations and research that combines marine 
physics, chemistry, and biology. The International 
Ocean Carbon Coordination Project (IOCCP) (jointly 
supported by the Scientific Committee on Oceanic 
Research [SCOR] under the International Council 
for Science [ICSU] and the Intergovernmental 
Oceanography Commission [IOC] under the 
United Nations Educational, Scientific and Cultural 
Organization [UNESCO]) provides web-based 
communication and coordination services concerning 
global carbon dioxide-related ocean observations. The 
Climate Variability and Predictability (CLIVAR) and 
Carbon Hydrographic Data Office (CCHDO) and the 
Carbon Dioxide Information Analysis Center (CDIAC) 
provide actual data. 
International Context of Ocean 
Acidification Research
3-1  International Proposals
   Ocean acidification is relatively a new area of 
research. Therefore, as previously discussed, there 
have not yet been any concrete or quantitative 
discussions concerning the impact of ocean 
acidification. Qualitatively speaking, however, it 
is thought that ocean acidification affects marine 
ecosystems to a certain extent, and different 
communities of scientists have separately been 
making proposals internationally. 
(1) Monaco Declaration[7]
   In October 2008, the Second International 
Symposium on the Ocean in a High-CO2
World was held in Monaco, sponsored by UNESCO 
and the National Science Foundation (NSF), and 
the participating scientists announced the Monaco 
Declaration, expressing concerns about ocean 
acidification and calling for policymakers to promote 
research to understand the current conditions and 
effects of ocean acidification. 
(2) Inter Academy Panel[8] 
   In June 2009, the Inter Academy Panel (IAP) 
stated that “ocean acidification is a direct and 
real consequence of increasing atmospheric CO2 
concentrations, is already having an effect at current 
concentrations, and is likely to cause grave harm 
to important marine ecosystems.” The IAP also 
stated that reducing carbon dioxide emissions is 
the only practicable solution, and that the threats of 
ocean acidification should be recognized at the 15th 
Conference of the Parties (COP 15) to the United 
Nations Framework Convention on Climate Change 
in December 2009. 
(3) Secretariat of the Convention on Biological 
Diversity[9]
   In December 2009, the Secretariat of the Convention 
on Biological Diversity announced a statement saying, 
“Ocean acidification is irreversible on timescales of 
at least tens of thousands of years, and substantial 
damage to ocean ecosystems can only be avoided by 
urgent and rapid reductions in global emissions of 
CO2.”
    
3-2 Promotion of Research in the United States 
and Europe
(1) National Academy of Sciences[10]
   In the United States, the National Academy of 
Sciences is conducting a comprehensive research 
project called “Development of an Integrated Science 
Strategy for Ocean Acidification Monitoring, 
Research, and Impacts Assessment” in response to 
requests from the National Ocean and Atmosphere 
Administration (NOAA) and NSF. This project 
will explore the anticipated consequences of ocean 
acidification on fisheries, protected species, coral 
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reefs, and other natural resources. The committee for 
this project is made up of twelve specialists who have 
degrees in marine physics, marine chemistry, biology, 
political science, engineering, etc. (as of February 
2009). The committee will review current knowledge 
concerning the impact of ocean acidification on 
ocean ecosystems, identify critical and key research 
topics, and recommend a strategy of research for 
policymakers and the scientific community. 
(2) European Project on Ocean Acidification 
(EPOCA)[11]
   In Europe, 27 research institutes from nine 
countries (Belgium, France, Germany, Iceland, the 
Netherlands, Norway, Sweden, Switzerland, and the 
United Kingdom) are participating in a four-year 
research project called “European Project on Ocean 
Acidification” launched in June 2008 in order to 
advance the understanding of biological, ecological, 
biogeochemical, and societal implications of ocean 
acidification. The research interests of EPOCA 
are divided into four themes. Firstly, EPOCA aims 
to document the changes in ocean chemistry and 
geographical distribution of marine organisms across 
space and time. Secondly, EPOCA aims to quantify 
the impact of ocean acidification on marine organisms 
and ecosystems. Thirdly, EPOCA aims to improve 
the modeling to better explain how ocean acidification 
will affect ocean geochemistry and ecosystems. 
Finally, EPOCA will assess uncertainties, risks, 
and thresholds related to ocean acidification and 
present the integrated assessment to policymakers 
and the general public. To promote research, the 
members of the project work together in consortium, 
organizing the Executive Board and the Science 
Steering Committee. The direction of research 
and management will be determined during the 
Consortium’s regular meetings based on the advice of 
the Science Steering Committee. The Executive Board 
will realize the determination. The Project Office is 
responsible for overall coordination and is located at 
the Laboratory of Oceanography of the Pierre and 
Marie Curie University (Paris VI University) (a joint 
research unit of the National Center for Scientific 
Research [CNRS] and Paris VI University). In 
addition, EPOCA also devote efforts to educating the 
public by releasing its database.  
Ocean Acidification Research in 
Japan
4-1 Experimental Research
(1) Experimental Research of the Effects of Ocean 
Acidification on Calcifying Organisms[12,13] 
   This is a three-year (Fiscal Years 2008 to 2010) 
research project within the framework of the Global 
Environment Research Fund by the Ministry of 
Environment. Sea urchins, shellfish, corals, and other 
coastal benthic organisms with calcareous shells 
and skeletons are cultured in seawater that has high 
concentrations of carbon dioxide. The research aims 
to develop an instrument to control small changes in 
the concentration of carbon dioxide and, by using the 
instrument, to create the same conditions expected to 
occur in the real ocean environment and assess the 
impact on organisms. The research attempts to go 
beyond the mere understanding of current conditions 
and aims to understand the impact of acidification on 
early life stages of important fishery resources and to 
consider possible adaptive methods to secure fishery 
production using farming technology. The research is 
conducted by the National Institute for Environmental 
Studies, Kyoto University, the Fisheries Research 
Agency, the National Institute of Advanced Industrial 
Science and Technology, and the University of the 
Ryukyus. Internationally, the research is conducted in 
cooperation with IOCCP. 
(2) Study on Progress of Ocean Acidification and 
its Effect on Structure and Function of Microbial 
Community[14]
   This research is also a three-year (Fiscal Years 2008 
to 2010) research project within the framework of the 
Global Environment Research Fund by the Ministry 
of Environment. The study aims to develop a new 
analytical instrument to accurately measure seawater 
pH, to understand the conditions of ocean acidification 
by collecting and integrating existing data, and to find 
out, mainly through culture experiments, the impact 
of ocean acidification on marine microorganisms. 
Based on the results, the study also aims to support 
international policies to reduce carbon dioxide 
emissions. The study has already shown that the 
seawater pH near Japan has decreased (discussed 
later). The study is conducted by the University of 
Tsukuba, the Meteorological Research Institute, and 
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the Japan Hydrographic Association. Internationally, 
the study is associated with the Integrated Marine 
Biogeochemistry and Ecosystem Research (IMBER), 
cosponsored by the International Geosphere-
Biosphere Programme (IGBP, sponsored by ICSU) 
and SCOR. 
4-2 Results of Ocean Observation Research 
(1) Saturation State of Calcium Carbonate in the 
Open Ocean
   As discussed in Chapter 2, the saturation state of 
calcium carbonate is an indicator to measure the impact 
on marine ecosystems. When the saturation state is 
one or smaller, it is considered to be an unfavorable 
environment for organisms with calcareous shells and 
skeletons. The saturation state of calcium carbonate 
depends on the local water temperatures, pressures, 
and the concentrations of carbonate ions and calcium 
ions. In cases where the concentrations of carbonate 
ions and calcium ions remain constant, the saturation 
state decreases as the temperature goes down, even 
if the pressure becomes higher. The concentration 
of calcium ions can be estimated by the local 
salinity. Thus, the saturation state can be calculated 
by measuring the parameters of carbonates (total 
carbonic acid, partial pressure of carbon dioxide, etc.) 
in addition to routinely measured parameters such as 
pressures, temperatures, and salinity. 
   Figure 5 shows the saturation state of calcium 
carbonate (aragonite) along 179 °E observed by the 
Oceanographic Research Vessel “Mirai” in 2007. 
The vertical axis shows depths and the horizontal 
axis shows latitudes. The thick line shows where 
the saturation state is one. The figure shows that it 
is oversaturated with respect to aragonite above the 
thick line (where the saturation state is one). Most 
organisms with calcareous shells and skeletons live 
in the shallow part of the ocean that is exposed to 
sunlight (euphotic zone, to about 200m deep in the 
outer ocean), and therefore, the present open ocean 
is not necessarily in a dangerous condition from the 
progress of acidification.
   However, observations were made along a similar 
longitudinal line by a U.S. oceanographic research 
vessel between 1992 and 1993. The comparison 
of the parameters of carbonates obtained through 
the observation and the calculated saturation state 
of calcium carbonate to the results of the above-
mentioned research shows that the saturation state has 
decreased where the concentration of anthropogenic 
carbon dioxide has increased. 
(2) Seawater pH near Japan[15]
   The Japan Meteorological Agency regularly carries 
out oceanographic and marine meteorological 
observations using its research vessels every year. 
The University of Tsukuba and the Meteorological 
Research Institute analyzed the results of these regular 
observations within the framework of the Global 
Environment Research Fund by the Ministry of 
Environment. The analysis has revealed that the pH of 
the ocean surface off the Kii Peninsula (at around 137 
°E and 30 °N) has decreased by approximately 0.04 in 
the past 26 years (Figure 6). The decrease in seawater 
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資源として重要な生物の幼生期に
与える影響を明らかにすることか
ら、栽培漁業技術を利用して漁業
生産を確保するという適応策の可
能性を考える」という、現状把握か
ら一歩踏み込んだ目的を設定して
いる。研究体制は、（独）国立環境研
究所、京都大学、（独）水産総合研究
センター、産業技術総合研究所、
琉球大学から構成されている。国
際的には IOCCP と協力している。
2）海洋酸性化の実態把握と微生
物構造・機能への影響評価に
関する研究 14）
　この研究も環境省地球環境研究
総合推進費の課題で、2008 年度か
ら 2010 年度までの 3 カ年計画で実
施されている。pH を精密に測定す
る手法を開発し、また既存のデー
タを収集し統合して酸性化の実態
を把握すること、さらに、海洋酸
性化が海洋微生物に及ぼす影響に
ついて、主として培養実験によっ
て明らかにすることを目的として
いる。この成果に基づいて、最終
的に「国際的な二酸化炭素排出削減
施策への政策支援を行う」としてい
る。この研究の成果として、すで
に日本近海での pH の低下が明ら
かとなっている（後述）。研究体制
は筑波大学、気象研究所、（財）日本
水路協会から構成されており、国
際的には ICSU ②が主催する地球圏
─生物圏国際協同研究計画（IGBP
⑧）および SCOR ③がともに後援す
る海洋生物地球化学・生態系統合
研究（IMBER ⑨）の関連研究と位置
づけられている。
4─2
実海域観測による研究の成果
1）外洋における炭酸カルシウム
の飽和度
　第 2 章で述べたように、海洋生
態系への影響を測る指標の一つと
して炭酸カルシウムの飽和度が挙
げられる。飽和度が 1 以下は炭酸
カルシウムを殻や骨格とする生物
にとってはより好ましくない状況
であると考えられている。炭酸カ
ルシウムの飽和度は、現場の水温
および圧力、炭酸イオンおよびカ
ルシウムイオンの濃度で決まるが、
炭酸イオンとカルシウムイオンの
濃度が一定の場合、水温が低くな
ると飽和度が下がり、圧力が高く
なっても飽和度は下がる。カルシ
ウムイオンは現場の塩分から推定
することができる。そのため、一
般的な圧力、水温、塩分のほかに
炭酸系物質のパラメータ（全炭酸、
二酸化炭素分圧など）を計測するこ
とで、飽和度を計算によって求め
ることができる。
　図表 5 は海洋地球研究船「みら
い」によって 2007 年に実施された、
東経 179 度に沿った観測線におけ
る炭酸カルシウム（アラゴナイト）
の飽和度を示す。縦軸は深度、横
軸が緯度である。太い線が飽和度
1 の線を示す。飽和度 1 の線より
浅い方は、アラゴナイトが過飽和
の状態であることがわかる。炭酸
カルシウムの殻や骨格をもつ生物
は、太陽の光が届く浅い領域（有光
層：外洋では高々深度 200m 程度）
に多く生息するため、まだ現状の
外洋は、必ずしも「酸性化が進行し
危険な状態」というわけではな 
い。
　しかし、同じような観測線は、
1992 年から 1993 年に米国の海洋
調査船によって調査されている。
その時に得られた炭酸系物質のパ
ラメータやそれらから計算された
炭酸カルシウムの飽和度を今回の
結果と比較すると、人為起源二酸
化炭素濃度が高くなっている所で
飽和度が下がっている、という事
実が判明している。
出典：（独）海洋研究開発機構提供資料
図表 5　東経 179 度に沿った観測線における炭酸カルシウムの飽和度（太線が 1）
Source: Japan Agency for Marine-Earth Science and Technology
Figure 5 : Saturation state of calcium carbonate along 179 °E (the thick line shows where the saturation state is 
one)
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Figure 6 : Decrease in seawater pH off the Kii Peninsula
Prepared by the STFC based on References[15]
Figure 7 : Distribution map of the saturation state of 
calcium carbonate observed by Canadian ice 
breaking vessels. The dots are observation 
points. The map shows that the center of 
the Canada Basin in the Arctic Ocean is 
undersaturated with respect to calcium 
carbonate. 
Source: Japan Agency for Marine-Earth Science and 
Technology (Reference[16])
pH during the 200 years after the industrial revolution 
is considered to be about 0.1, and therefore, the study 
has concluded that seawater pH has been decreasing 
more rapidly.
(3) Saturation State of Calcium Carbonate in the 
Arctic Ocean
   A joint research team from the Institute of Ocean 
Sciences, Department of Fisheries & Oceans Canada, 
and Japan Agency for Marine-Earth Science and 
Technology suggested that the saturation state of 
calcium carbonate in the Arctic Ocean had decreased 
in 2008 compared to 1997, and that the undersaturated 
area (where the degree of saturation is one or smaller) 
has been spreading at the center of the Canada Basin 
of the Arctic Ocean[16] (Figure 7).
   The recent rapid melting of sea ice in the Arctic 
Ocean is an issue. The ice that covers the surface 
ocean is melting, and more seawater is exposed to the 
atmosphere, making sea-air gas transfer more active 
and advancing acidification.
   In addition, sea ice meltwater is close to fresh water, 
and therefore, the concentrations of carbonate ions 
and calcium ions are low and the alkalinity is also 
low. Sea ice meltwater dilutes seawater, decreasing 
the saturation state. The alkalinity is also low in the 
undersaturated area in the Canada Basin of the Arctic 
Ocean. This suggests that sea ice melt is considerably 
affecting the decrease in the saturation state in this 
area of the ocean. 
4-3  Numerical Simulation Research Results
   The Ministry of Education, Culture, Sports, Science 
and Technology is conducting a five-year program 
(fiscal 2007–2011) called the Innovative Program of 
Climate Change Projection for the 21st century in order 
to contribute to the IPCC Fifth Assessment Report (to 
be released between 2013 and 2014) and provide basic 
scientific data for the establishment of climate change 
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図表 6　紀伊半島沖におけるpHの低下
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　気象庁は、海洋気象観測船によっ
て毎年定期観測を行っている。筑
波大学と気象研究所は前述の環境
省地球環境研究総合推進費によっ
て、この定期観測の結果を解析し
た。その結果、東経約 137 度、北
緯 30度の紀伊半島沖の海洋表面で
は、過去 26年間に pHが約 0.04 低
下したことが判明した（図表 6）。
産業革命後 200 年間での pHの低
下は 0.1 程度と考えられているの
で、近年は pH低下のペースが速
まっている、と結論づけられてい
る。
3）北極海における炭酸カルシウ
ムの飽和度
　カナダ漁業海洋省海洋科学研究
所と（独）海洋研究開発機構の共同研
究チームは、北極海において炭酸
カルシウムの飽和度が、1997 年に
比べ 2008年には低下しており、さ
らに炭酸カルシウムの飽和度が 1
より小さい海域が、北極海カナダ
海盆域中央部に広がっていること
を示した 16）（図表 7）。
　現在、北極海では急激な海氷の
融解が問題となっている。表面を
覆っていた氷がとけ、海水が直に
大気と接触するようになり、大気
─海洋間のガス交換が活発化する
出典：（独）海洋研究開発機構資料提供（参考文献16）
図表 7　2008 年にカナダ砕氷船観測で得られた炭酸カル
シウムの飽和度の分布図。点は観測点、北極海
カナダ海盆中央部においては、炭酸カルシウムが
未飽和になっていることがわかる
ことも酸性化を進める一つの要因
となっている。
　また、海氷が溶けた水（海氷融解
水）は真水に近く、炭酸イオンおよ
びカルシウムイオン濃度が低くア
ルカリ度も低い。この海氷融解水
が混ざるため、海水が希釈され、
飽和度を小さくする効果がある。
北極海カナダ海盆で飽和度が 1以
下になる海域ではアルカリ度も低
い。これは、この海域の飽和度の
低下に、海氷融解が強く影響して
いることを示している。
4─3
数値シミュレーション
による研究成果
　2013 年から 2014 年に発表が予
定されている IPCC①第 5次評価報
告書へ寄与し、気候変動対応策へ
科学的基礎データを提供すること
を目的として、文部科学省によっ
て「21 世紀気候変動予測革新プロ
グラム」が 5カ年計画（2007 年度～
2011 年度）で実施されている 17）。
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Figure 8 : Saturation state of aragonite at the end of the 21st century. The Arctic Ocean is undersaturated. (The thick line 
shows the saturation state at one.)
Source: Japan Agency for Marine-Earth Science and Technology (Reference[17]: Calculations by the Innovative Program of Climate 
Change Projection for the 21st Century was revised.) 
policies.[17] This program uses the Earth Simulator 
to project future climate changes based on different 
scenarios of carbon dioxide emissions provided by 
the IPCC. The program also projects changes in the 
saturation state of calcium carbonate. 
      Figure 8 is a distribution map of the saturation state 
of aragonite at the end of the 21st century. The map is 
based on a calculation in cases where the concentration 
of atmospheric carbon dioxide is fixed at 450ppm. 
The progress of acidification primarily depends on the 
increase in the concentration of atmospheric carbon 
dioxide, and it is calculated that high-latitude oceans 
(including the Arctic Ocean, the Antarctic Ocean, 
and the northern part of the North Pacific Ocean) 
will become undersaturated with respect to calcium 
carbonate more quickly. It is thought that acidification 
in the Arctic Ocean advances due to the melting of sea 
ice caused by global warming. This result is consistent 
with the observation results on the Arctic Ocean 
discussed earlier. 
Conclusion
  Ocean acidification is a relatively new area of 
study. Qualitatively speaking, acidification affects 
organisms with calcareous shells and skeletons, and 
the decrease in seawater pH affects other marine 
organisms. These changes may create food problems 
and affect human life. However, since it is a new area 
of study, current knowledge about the current state of 
acidification as well as knowledge about the impact 
of acidification on ecosystems are not sufficient. It 
is thought that ocean acidification is caused by the 
increase in anthropogenic carbon dioxide into the 
atmosphere. Atmospheric carbon dioxide is absorbed 
into the ocean through various physical, chemical, 
and biological processes, and therefore, it is necessary 
to conduct comprehensive research from a wide 
perspective to understand ocean acidification. 
   In Japan, as discussed in Chapter 4-1, the research 
conducted within the framework of the Global 
Environment Research Fund by the Ministry of 
Environment is relatively large-scale, combining 
an experimental study of the impact of acidification 
on organisms, an observational study to understand 
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このプログラムでは、IPCC①で提
示されている種々の二酸化炭素排
出のシナリオに基づいた将来予測
を、「地球シミュレータ」を活用し
て算出している。この中では、炭
酸カルシウムの飽和度の変化も予
測されている。
出典：（独）海洋研究開発機構（参考資料17）：21 世紀気候変動予測革新プログラムによる計算結果を改変）
図表 8　21世紀末のアラゴナイト飽和度。北極海で未飽和となっている（太線が飽和度 1）
　図表 8は、大気中の二酸化炭素
濃度が 450ppmで安定した場合の
計算例であり、21世紀末のアラゴ
ナイト飽和度の分布を示している。
酸性化の進行は基本的に大気の二
酸化炭素濃度の上昇に依存するが、
北極海・南極海や北部北太平洋な
ど、高緯度の海域で炭酸カルシウ
ムの未飽和の状態がより早くあら
われると算出されている。北極海
では、温暖化による海氷の融解に
よって酸性化が進行するとされて
おり、これは、前述の北極海にお
ける観測結果ともつじつまが合う。
　海洋酸性化は比較的新しい研究
分野である。定性的には、酸性化は、
炭酸カルシウムの殻や骨格を持つ
生物に影響を及ぼし、また pHが
低下すること自体がそのほかの海
洋生物に影響を及ぼす。その結果、
食糧問題など我々の生活に影響を
及ぼす可能性もあるが、新分野で
あるため、酸性化の現状に関する
知見も、また、酸性化が生態系に
与える影響に関する知見もまだ不
十分である。海洋酸性化は大気中
に放出された人為起源二酸化炭素
の増加によってもたらされると考
5    おわりに
えられている。大気中の二酸化炭
素は、さまざまな物理的・化学的・
生物学的なプロセスを経て海洋内
部にとりこまれるため、海洋酸性
化の研究には、広い視野に立った
包括的な研究が必要である。
　日本では、4─1 章で述べた環境
省地球環境研究総合推進費による
取り組みが比較的規模が大きく、
酸性化が生物に与える影響を実験
的に調査する研究と実海域での現
状を把握する調査研究、および必
要な機器開発を組み合わせたもの
となっている。今後は、海洋酸性
化が生物に及ぼす影響、ひいては
我々の社会生活に及ぼす影響まで
を考慮すれば、生態学的な基礎研
究に加えて社会学的な視点の研究
も必要となる。IPCC①第 4次評価
報告書に引用されている論文の調
査 18）によれば、日本は影響調査
（IPCC①の第 2作業部会の分野）の
活動が弱いことが指摘されている。
我が国でも欧州に見られるような、
社会的影響調査も視野に入れた分
野横断かつ機関横断的な研究の枠
組みがより必要とされるだろう。
5
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the current state of acidification in the actual 
ocean, as well as the development of required 
instruments. Taking into consideration the impact 
of ocean acidification on organisms as well as on 
humankind, it will be essential to conduct research 
from a sociological point of view in addition to basic 
ecological research. According to a survey quoted 
in the IPCC Fourth Assessment Report,18] Japan’s 
research efforts in understanding the impact of ocean 
acidification (the area covered by IPCC Working 
Group II) are inadequate. It will be necessary for 
Japan to create a framework for interdisciplinary and 
inter-organizational research, which covers studies on 
social impacts. 
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Introduction
   Measures against global warming have become 
an important issue for the world. The use of fossil 
fuels like oil has raised concerns about carbon 
dioxide emissions, which cause global warming, 
and the future depletion of energy sources. Against 
this background, hydropower generation is drawing 
renewed attention, with renewable energy sources 
such as solar power and windpower being actively 
introduced as alternative energy sources.
   Japan lies in the Asia monsoon region and has ample 
precipitation. In addition, approximately 70% of its 
land is mountainous, and dividing mountain ranges 
cut across the land like a backbone. This produces 
steep-gradient rivers with plentiful flow volumes 
that stream from the mountains into the sea through 
alluvial fans and alluvial plains, providing Japan 
with the weather and terrain conditions suitable for 
hydropower generation, which relies on flow volume 
and head. Alexander Graham Bell, who visited Japan 
in 1898, predicted the future of this country, which 
possesses favorable weather and terrain conditions 
as follows: “Japan has many rivers and ample water 
resources. By utilizing these rich water resources, it is 
possible for Japan to achieve economic development 
that uses electricity as an energy source. It may 
become possible to move automobiles with electricity, 
replace steam engines with electric engines, and 
use electricity in production activities. By taking 
advantage of its favorable environment, Japan has 
the potential to attain even greater growth in the 
future.”[1] Running water exists all around us, and in 
the past, numerous water mills were used in villages 
as sources of power. In around 1920, a blacksmith 
in Toyama Prefecture developed an inexpensive and 
6
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portable helical water mill that generated around 0.5 
kW of power by utilizing a head of approximately 0.5 
m to 1 m in an unlined irrigation channel, and this 
became widely used by farmers across the country 
as a source of power for threshing and rice hulling. 
It disappeared after World War II with the spread of 
motors and irrigation channel improvements, but we 
can see in this episode the origins of utilizing water 
energy around us by exercising ingenuity. Thus, Japan 
possesses potentially rich water energy resources; 
however, the amount used for hydropower generation 
is limited to just over 10%.
   Hydropower generation accounts for just under 
10% of the total electric power generation in Japan. 
However, because it does not emit CO2 during the 
process of generating electricity, it reduces CO2 
emissions by approximately 70 million tons per 
annum compared with oil-fired thermal power, etc. 
This figure is equivalent to approximately 6% of 
Japan’s total CO2 emissions. In addition, hydropower 
generation has the advantages of being able to generate 
electricity in a stable manner, as it is less affected by 
changes in weather conditions than solar power and 
windpower, and its superior load-following capability 
allows it to contribute to power system stability. 
Furthermore, while Japan’s energy self-sufficiency 
ratio is merely 4%, hydropower generation is a 
valuable, purely domestic form of energy, accounting 
for 35% of Japan’s domestically produced energy. 
   In April 2003, the Act on Special Measures 
Concerning New Energy Use by operators of 
electric utilities (RPS Act) came into force, covering 
hydropower plant with power outputs of 1,000kW or 
less. In addition to the Ministry of Economy, Trade 
and Industry, which is traditionally the governing 
agency for power generation businesses, various 
government agencies such as the Ministry of the 
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Figure 1 : Water Energy Cycle
Source: Reference[2]
Environment, the Ministry of Land, Infrastructure, 
Transport and Tourism, the Ministry of Agriculture, 
Forestry and Fisheries, the Ministry of Health, Labour 
and Welfare, and the Ministry of Internal Affairs 
and Communications, are beginning to make a move 
toward utilizing energy produced by small –scale 
hydropower generation. These developments have 
led to a gradual beginning of hydropower-generation 
efforts that make use of various untapped water heads, 
with diverse local concerned parties serving as the 
operating body.
   Meanwhile, numerous aged hydropower facilities 
need to be modernized and, depending on the 
conditions of the facility, improvements may be 
required from environmental and safety standpoints, 
in addition to the maintenance and improvement of 
power generation functions.
   Furthermore, efforts for the effective use of 
hydropower as a renewable energy source are also 
being made overseas, and hydropower development 
that can exist in harmony with the local community 
and the natural environment is called for in Asian 
countries.
   This article reviews the situation surrounding 
hydropower generation as a renewable energy source in 
Japan and abroad, as well as the trends in hydropower-
generation technology that make use of various 
untapped heads, and discusses what is necessary 
for further effective utilization of environmentally 
friendly hydropower. 
Current Situation of Hydropower 
Generation
2-1 Mechanism and Types of Hydropower 
Generation
2-1-1 Utilization of an Infinite Hydrological Cycle
   Hydropower generates electrical energy from the 
energy of the water flowing as a result of rain and 
snow falling on the earth’s surface and gathered due 
to the natural terrain effect or in the process of various 
water use activities. Therefore, instead of consuming 
the resource itself, hydropower generation utilizes a 
perpetual hydrological cycle (Figure 1) brought about 
by nature.
   The power output and electricity production of 
hydropower generation are expressed by the following 
formulae:
Power output (kW) = Generating efficiency of 
equipment, etc. × Gravitational acceleration × Head 
(m) × Flow (m3/s)
Electricity production (kWh) = Power output (kW) × 
Annual operation time (24h × 365 days) × Capacity 
factor[NOTE]  
2-1-2 Types of Hydropower Generation
   Hydropower generation is classified as in Table 1 
through Table 3, in accordance with the power output, 
the means to secure the head, and the water storage. 
2
Rain
Power station
Electricity
Evaporation
[NOTE ] 
Capacity factor (%) = Annual Electricity production (kWh) / [Rated power output (kW) × Annual 
operation time]
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Source : Reference[3]
Table 1 : Example of Classification by Power Output
2-2 Evolution of Hydropower Generation in Japan
   The history of Japan’s hydropower generation dates 
back to the Meiji era. From 1890s to around 1955, 
hydropower generation centered on the run-of-river 
type, which supplies base-load electricity, and on 
small regulating pond type, which supplies peak-load 
electricity, with small-scale thermal power generation 
complementing seasonal fluctuations in hydropower 
generation. In the 1940s, agricultural cooperatives 
took the initiative to actively promote small-scale 
hydropower development in small-scale rivers in order 
to facilitate the electrification in rural area, but such 
efforts gradually disappeared with the installation of 
power distribution networks by the general electricity 
utilities.[4]
   After World War II, large-scale hydropower 
development projects with large-scale dams and 
reservoirs were executed, but as electricity demand 
Classification Power Output
Large hydropower 100 MW or more
Medium hydropower 10 – 100 MW
Small hydropower 1 – 10 MW
Mini hydropower 0.1 – 1 MW
Micro hydropower 0.1 MW or less
(There is no official definition for small hydro in Japan)
Classification Means to secure a Head
Conduit
This method generates electricity by means of 
a headrace that draws water from a weir in the 
upper reach of a river to a point where a head 
can be obtained.
Dam
This method generates electricity immediately 
down stream of a dam, using the height of the 
dam to obtain a head. 
Dam and Conduit This method combines the dam type and the waterway type. 
Other (Method of utilizing untapped water 
heads of existing facilities)
In recent years, at tempts have begun to 
generate electricity by utilizing untapped heads 
and flowing water of irrigation channels, check 
dams, infrastructure facilities such as water-
supply and sewerage systems, etc.
Table 2 : Classification by the means to secure a head
Prepared by the STFC
Classification Water storage
Run-of-river River water is used without being stored.
Regulating pond
River water is stored in a reservoir with a 
regulation capacity of around one day to one 
week, and electricity is generated by regulating 
the flow volume in accordance with electricity 
demand. 
Reservoir
River water is stored in a large-capacity 
reservoir capable of adjustments for annual 
fluctuations, and electricity is generated by 
regulating the flow volume in accordance with 
electricity demand. 
Pumped storage
Electricity is generated during daytime, the 
peak electr icity demand period, by using 
surplus nighttime electricity to pump water to 
an upper reservoir.
Table 3 : Classification by Water Storage
Prepared by the STFC
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Table 4 : Reasons for the Decline in Hydropower Development in Japan
grew rapidly each year since the period of high 
economic growth around the 1960s, the main players 
of electric power development shifted to the following: 
coal- and oil-fired thermal power, which allows large 
power plants to be constructed economically and 
in a short period of time; liquefied natural gas-fired 
thermal power as a measure to control emissions of 
nitrogen oxides and other gases; and nuclear power 
generation from the standpoints of improving energy 
security and controlling CO2 emissions. Hydropower 
development, which needs a longer period of time 
and higher cost for construction compared with 
thermal generation, declined rapidly. Later, pumped-
storage power plants (PSPP), which enjoy superior 
immediate responsiveness to rapid load changes, were 
actively constructed in combination with large-scale 
thermal and nuclear power generation to meet peak 
electricity demand, but electricity demand growth 
has since slowed down and new projects have been 
rarely implemented. Today, however, environmentally 
friendly hydropower generation is drawing renewed 
attention from the standpoints of tackling global 
warming issues, diversifying energy sources, and 
revitalizing local communities.
   Table 4 summarizes the reasons for the decline in 
hydropower development.
2-3  Hydropower Capability
2-3-1 Gross Theoretical Capability and Technically 
Exploitable Capability 
   Gross theoretical capability refers to the sum of 
the potential energy of water (evapo-transpiration 
is ignored), from precipitation falling on the earth’s 
surface, traveling down a river from the mountains, 
to f lowing into the sea. Of the gross theoretical 
capability, the portion with development possibility 
(developed and undeveloped hydropower) based on the 
technology levels at the time of calculation is called 
the “technically exploitable capability” (hereinafter 
called “hydropower capability”). This value changes 
according to factors such as technological progress, 
economic situation and environmental conditions. 
According to the World Energy Council (2007),[5] 
Asia, North America and Latin America have a 
particularly large hydropower capability(Table 5). 
Japan enjoys a large gross theoretical capability as 
it is rich in precipitation and mountainous land. For 
example, Japan’s gross theoretical capability is six 
times that of Germany (120 TWh), which has land 
area similar to that of Japan, and one-third of that of 
Canada (2,216 TWh), which has land area 27 times 
that of Japan. However, since Japan’s proportion of 
technically exploitable capability to gross theoretical 
capability stands at 19%, its developable volume is 
believed to be not very high.
Issue Detail
Capacity for stable supplies
-Compared with thermal power generation, hydropower generation has a higher unit cost of power 
generation and is smaller in scale. 
-The development period is long due to the need to make adjustments with regard to the intricate 
uses of a river’s water resources. During the period of rapid growth in electricity demand, 
hydropower generation failed to become a main option for electric power development aimed at 
securing a stable supply.
Cooperation of the local 
community
-Hydropower development projects are led mainly by electricity companies and prefectural 
governments’ public enterprise bureaus. As there are few advantages of building a power station 
for local communities, it is difficult to obtain their cooperation in development projects.
Environmental impact
-Depending on the type and size of the facility, as well as watershed conditions, negative 
environmental impacts have emerged, such as sedimentation and water quality problems caused 
by large-scale dams, and deterioration in the river environment in the reduced-flow section of 
the river of conduit type power plants. Despite this, technologies and systems that help balance 
environment and hydropower use in response to these problems have not been established in a 
sufficient manner.
Design conditions
In recent years, large river maintenance flow discharge and design flood discharge have been 
required when newly building or upgrading a hydropower plant. The majority of facility renewals are 
kept simple, without changing the flow volume, since increasing power output at the time of facility 
renewal such as replacing the water turbine generator or applying a major upgrade to waterways 
cannot be economically justified.
Shared awareness of the need 
for hydropower development
-While hydropower generation is a clean, purely domestically produced form of energy that does 
not produce CO2 during the operation process, there is a lack of shared awareness that it should 
be promoted by society as a whole. Therefore, even if there is suitable land in the mountains, 
development in areas such as natural parks is difficult. 
Prepared by the STFC
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2-3-2 Japan’s Untapped Hydropower Capability
(1) Results of a Survey of Untapped Hydro-Sites by 
the Agency for Natural Resources and Energy
   According to the results of a survey on the 
hydropower capability[6] (March 2004), there are 
2,717 untapped hydro-sites with total power output 
of approximately 12 GW and annual electricity 
production of approximately 45.8 GWh, accounting 
for roughly a half of the combined values for the 
hydropower plants operating and under construction 
(Figure 7). Of these, approximately 98.6% of untapped 
hydro sites have power outputs of less than 30 MW, 
and average output of around 4.5 MW. Many of them 
in remote areas suffer unfavorable conditions, such as 
their relatively high construction cost.
   Furthermore, Figure 2 shows a sharp drop in the 
number of sites with power output of less than 1 
MW. As the survey extracts feasible sites from each 
watershed and estimates the possible electricity 
production based on preliminary design, the accuracy 
of the extracted sites is high. However, since the 
survey excludes mountain streams and small rivers 
presumed economically inefficient, it is possible that 
many small-scale sites are not covered by the survey.[7] 
There are estimates that approximately 3 GW worth 
of untapped sites of less than 1 MW may exist.[8]
(2) Results of a Survey on Untapped Heads within 
Dams and Conduits
   Table 6 shows the results of a survey by the New 
Energy Foundation (March 2009)[9] on the untapped 
heads arising from utilizing existing structures such 
as dams, conduits, etc, which were not covered in 
the surveys described in the preceding paragraph. 
There are 1,389 untapped sites of power generation 
using untapped heads, with a combined power output 
of approximately 330 MW and annual electricity 
production of approximately 1.7 GWh. Again, it is 
possible that candidate sites have not been sufficiently 
extracted in this survey, as the sites were only selected 
based on interviews with the property owners.
(3) Surveys of Untapped Heads from Other Sources 
(i) Small-scale Hydropower by Utilizing Irrigation 
Channels, etc.
Japan’s agricultural waterways have a total length 
of approximately 400,000 km, and their gross 
theoretical capability is estimated at 5.7 TWh10]. 
While the technically exploitable capability of 
agricultural waterways that takes economic efficiency 
into consideration is shown in Table 6, electricity 
produced from the energy of running water in the 
channels has not been included. It is believed that 
the technically exploitable capability of irrigation 
channels will improve further with the utilization 
of power generation using running water, for which 
development has been under way in recent years.[11]
(ii) Thorough Use of Existing Dams 
   Figure of hydropower capability in Japan does not 
include such potential that utilizes untapped heads at 
the existing dams, such as flood-control, irrigation, 
fresh water supply, etc. Thus, estimations are being 
made on hydropower potential on the assumption that 
existing dams are thoroughly used for hydropower 
by changing the operational procedures, removing 
① Gross theoretical 
capability
② Technically 
exploitable capability ② /①
③ Developed hydropower 
(excluding those under 
construction)
Asia* 16,285 5,526 34% 729
Africa 3,884 1,852 48% 81
North America 6,701 2,733 41% 628
Latin America 8,474 3,315 39% 644
Europe 2,650 1,044 39% 540
Russia 2,295 1,670 73% 165
Middle East 418 168 40% 17
Oceania 495 189 38% 40
Total 41,202 16,497 40% 2,847
Japan 718 139 19% 92
Unit: TWh (=109kWh)
Table 5 : Hydropower Capability of the World
Prepared by the STFC based on Reference[5]
Reference: Annual power consumption World: Approx. 17,600 TWh Japan: Approx. 1,000 TWh,     * Asia includes Japan
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Source: Reference[6]
Figure 2 : The Result of a survey on Hydropower Capabilty in Japan by Power Output 
various economical, environmental and technical 
constraints, and increasing dam height as necessary. 
The findings point to an additional 34 TWh worth of 
new hydropower generation potential.[12] 
2-4 Systems Promoting Small-Scale Hydropower 
2-4-1 Act on the Promotion of New Energy Usage 
   The Act on the Promotion of New Energy Usage 
(commonly known as the New Energy Act) came 
into force in June 1997 with the aim of accelerating 
the promotion of new energy usage. New energy is 
defined as “a promising alternative energy source 
to oil whose penetration has been insufficient due 
to economical constraints, and whose promotion 
is particularly necessary for the introduction of 
alternative energy sources to oil.” Initially, hydropower 
was not included in the new energy, but a Cabinet 
Order revision in April 2008 added to the new energy 
hydropower of 1,000 kW or less that utilizes facilities 
other than those for hydropower (subsidiary power 
generation), such as irrigation, water use, check dams, 
etc.
「自然・生態系にやさしく、地域との調和のとれた開発」をテーマに
親しまれる水力発電所をめざしてまいります。
日本の水力エネルギー
未開発
2,717
未開発
1,212
工事中
30
工事中
22
既開発
1,843
既開発
2,201
地点数
出力（単位：万kW）
出典：資源エネルギー庁調べ（2004.3現在） 出典：資源エネルギー庁調べ（2004.3現在）
水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
水力エネルギーの出力別分布（地点数）
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力）の調整池に設け
られた「浮島」には、
30種1千羽を越える
鳥たちが集まり、バー
ドウォッチングなどで
親しまれています
7 8
※純揚水式発電所は除く
「自然・生態系にやさしく、地域との調和のとれた開発」をテーマに
親しまれる水力発電所をめざしてまいります。
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約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
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わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
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ます。
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力に適した地点の開発は、ほぼ終了しています。
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となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
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水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水 発電所が誕生しています。
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“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電と 経済 比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するもので 。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系 調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
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水力エネルギーの出力別分布（地点数）
1,000未満（kW）
1,000～3,000
3,000～5,000
5,000～10,00
30,000～50,000
10,000～30,000
50,000～
  100,000
100,000以上
既開発 未開発
工事中
3714379
500 0
4178
1625
2851
3647
88
65
524
341
2 8
21
14
326
1,235
5000 1,000
小諸発電所（東京電
力）の調整池に設け
られた「浮島」には、
30種1千羽を越える
鳥たちが集まり、バー
ドウォッチングなどで
親しまれています
7 8
※純揚水式発電所は除く
「自然・生態系にやさしく、地域との調和のとれた開発」をテーマに
親しまれる水力発電所をめざしてまいります。
日本の水力 ルギー
未開発
2,717
未開発
1,212
工事中
30
工事中
22
既開発
1,843
既開発
2,201
地点数
出力（単位：万kW）
出典：資源エネルギー庁調べ（2004.3現在） 出典：資源エネルギー庁調べ（2004.3現在）
水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模 電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
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水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力 所の建設にあたっては、自然エネルギーを
使用する として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設 たり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
して ます。また、建物 外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所 誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定していると う大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ため 計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
して ます。 た、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これから 中小水力 開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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Item
Developed Under construction Undeveloped
Sites Power output (kW)
Electricity 
production (MWh) Sites
Power 
output (kW)
Electricity 
production(MWh) Sites
Power 
output (kW)
Electricity 
production(MWh)
Total 1,844 22,005,362 92,140,979 30 223,283 1,039,391 2,717 12,120,290 45,844,566
Table 6 : The Result of a Survey on Untapped Heads within Existing Structures
 (Sourced from a Survey by the New Energy Foundation)
Source: Reference[9]
Usage type No. of sites 
Power 
output 
(kW)
Electricity 
production 
(MWh)
Power 
output 
capacity
No. of 
sites
Power 
output 
(kW)
Electricity 
production 
(MWh)
River maintenance flow 223 27,998 142,231 Less than
100 kW
656 28,431 143,025
Water supply And 
Industrial water supply 227 153,792 741,690 100 ～ 500 232 50,522 248,616
Irrigation water 392 110,765 524,804 500～ 1,000 35 22,535 118,643
Check dams 129 16,828 85,268 1,000 ormore 48 207,855 983,709
Subtotal 971 309,373 1,493,993 Subtotal 971 309,373 1,493,993
Irrigation channel 151 8,257 60,471 Less than
100 kW
303 6,527 50,152
Water supply 178 9,923 77,914 50～ 100 61 4,057 30,109
Industrial water supply 23 1,916 15,062 100～ 1,000 54 11,340 86,793
Sewerage 66 1,828 13,607 1,000 ormore 0 0 0
Subtotal 418 21,924 167,054 Subtotal 418 21,294 167,054
Total 1,389 331,297 1,661,047 Total 1,389 331,297 1,661,047
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2-4-2 Act on Special Measures Concerning New 
Energy Use by operators of electric utilities
   The Act on Special Measures Concerning New 
Energy Use by operators of electric utilities (commonly 
known as the RPS Act) came into force in April 2003 
in order to promote the spread of new energy. The Act 
stipulates that electricity companies’ use of electricity 
produced from new energy sources should reach a 
certain minimum percentage. Initially, hydropower 
was limited to conduit type of 1,000 kW or less, but 
this was amended to “hydropower plants with power 
output of 1,000 kW or less” when the Order for 
Enforcement of said Act was revised in April 2007 due 
to the low environmental impact during construction 
and growing interest from local governments and 
citizens as a way of effectively utilizing untapped 
energy. As a result, hydropower plants with dam or 
dam-and-conduit (subsidiary power generation) using 
city water, industrial water, agricultural water and 
released river maintenance flow discharge were added 
(Table 7).
2-4-3 Efforts by Government Ministries and 
Agencies
   Government ministries and agencies are promoting 
small-scale hydropower as a form of renewable 
energy from such standpoints as CO2 reduction, 
diversification of energy sources, reduction of 
maintenance costs of facilities and revitalization 
of local communities; and they have begun efforts 
toward hydropower generation, such as institutional 
reforms, consideration of a relaxation of regulations, 
and subsidies on survey, design and construction 
expenses.
   The Agency for Natural Resources and Energy, 
Ministry of Economy, Trade and Industry has 
provided subsidy as from FY2002 for all cost of 
investigation, basic design and business planning 
of new hydropower, which shall be implemented 
by municipalities and electricity produced shall be 
consumed by themselves.[14] In addition, it subsidizes 
the introduction of hydropower generation facilities of 
1,000 kW or less as part of the Project to Promote the 
Regional Introduction of New Energy, etc., as well as 
subsidizing 10–20% of construction costs, depending 
on the power output capacity, for small and medium-
sized hydroelectric development of more than 1,000 
kW but not exceeding 30,000 kW. In particular, it 
provides subsidies of 50% for the adoption of new 
technologies. The agency has established the Study 
Group on Hydropower Generation, which compiled 
an interim report in June 2009, listing issues to tackle 
in the future such as cost-reducing technologies, 
procedures for water right authorization and river 
maintenance flow discharge, coexistence with the 
local community and subsidy systems. Furthermore, 
the Project Team on the Full Purchase of Renewable 
Energy is considering addressing purchase programs 
by around March 2010 and is discussing issues 
concerning hydropower generation such as the 
applicable capacity and the treatment of upgrading 
power output at large-scale hydropower plants. The 
Nuclear Safety and Security Committee Working 
Group for Studying Regulations on Small-Scale 
Hydropower Plant is considering easing regulations 
for full-time chief engineers of small-scale power-
generation facilities.
   The Ministry of Land, Infrastructure, Transport and 
Tourism has encouraged mayors to install hydropower 
facilities in check dams, and began their own research 
program in FY2009 toward introducing hydropower 
facilities in the check dams.[15] In the sewerage field, it 
is promoting to introduce small-scale hydropower that 
utilizes untapped heads of discharged treated water.[16] 
In addition, the Ministry is advancing simplification of 
application documents for the permission to use river 
water in order to promote the  small-scale hydropower, 
and is preparing guidebooks, etc.
Table 7 :New Energy, etc. Covered by the RPS Act
Prepared by the STFC based on Reference[13]
Energy source Limit for Eligibility
Windpower None
Solar power None
Geothermal It does not significantly reduce hot water
Small-scale hydropower Conduit type or subsidiary generation from dam or dam with conduit, with output of 1 MW or less
Biomass Includes biomass elements in waste power generation and fuel cell power generation 
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   The Ministry of Agriculture, Forestry and Fisheries 
supports introduction of small-scale hydropower with 
output ranging from hundreds to thousands kW  that 
uses irrigation dams and channels, by implementing 
subsidy programs for the project on improving local 
water environment, project on improving land with 
irrigation and drainage, and project on integrated rural 
development.
   The Ministry of Health, Labour and Welfare is 
actively promoting small-scale hydropower that 
utilizes the potential energy of water in the water-
supply facilities.[17]
   The Ministry of Internal Affairs and Communications 
has begun to support a survey of the potential capacity 
of clean energy resources in regions, including small-
scale hydropower, and a feasibility study on energy 
utilization of those resources, etc., as a part of 
promotion program on “Decentralization”. [18]
   The Ministry of the Environment is also promoting 
small-scale hydropower up to 1 MW executed by 
local residents, by means of the commissioning of a 
feasibility study.
2-5 Environmental Characteristics and Cost of 
Hydropower 
2-5-1 Environmental Characteristics of Hydropower 
   Compared with other forms of natural energy, 
hydropower features high energy conversion 
efficiency and high energy density. Unlike solar power 
and windpower, hydropower can generate stable 
electricity as it is little affected by weather changes 
in hours; therefore, it does not exert negative impact 
on power systems. Furthermore, hydropower with 
regulating ponds or reservoirs has a load following 
capability that automatically regulates excesses or 
shortages of electricity in accordance with changes 
in system frequency, and therefore hydropower can 
contribute the stability of existing power systems.
In addition, as shown in Figure 3, total CO2 emissions 
of hydropower generation throughout its lifecycle, 
from construction to operation to maintenance, 
are extremely low. There are also reports that CO2 
emissions from small-scale hydropower, which 
utilizes existing facilities, are approximately a half 
from a newly constructed hydropower.[19]
   On the other hand, it is also true that Japan is faced 
with difficulties in utilizing water resource with nature 
conservation, as the river flow changes violently and 
rapidly due to rainfall in rainy season and typhoons, 
and floods produce a large amount of sediment and 
driftwood in some regions. Hydropower plants may 
cause environmental impacts changing river flow, 
water quality, physiognomy, etc. depend on the type 
and size of the hydropower plant and watershed 
conditions. It is therefore essential to develop the 
technologies in order to overcome the such impacts.
2-5-2 Cost of Hydropower Generation
   The construction cost for hydropower plant accounts 
for 80% or more of the total capital cost, and this 
is a major reason for its relatively high unit cost of 
power generation at beginning. On the other hand, 
once installed, hydropower plants are able to generate 
electricity perpetually with appropriate maintenance, 
without being influenced by fluctuations in crude 
oil prices, etc. as they do not require fuel. Since 
other variable costs are low, hydropower generation 
turns out to be low cost in the long term. In the past, 
hydropower development was conducted in the case 
where its economic efficiency was compared with 
that of thermal power generation and found to be 
superior. Recently, however, there have been calls for 
evaluations to be made by adding CO2 credit values 
as it does not emit CO2. In addition, since diverse 
entities are taking part in small-scale hydropower 
development, there are opinions that a project should 
be judged as having good business prospects if 
invested capital is recovered within a certain period 
of time and accumulation of funds for reinvestment 
is possible within the service life, as well as views 
that whether a development project is implemented 
should be judged by making comparisons with the 
transaction unit cost based on the RPS Act.
   Table 8 shows comparisons of power generation 
costs for each power source according to model 
estimates, and Table 9 shows the transaction unit 
cost under the RPS Act. At present, the unit cost of 
power generation for hydropower is not high among 
renewable energy sources, but it is more expensive 
than the major power sources of thermal power and 
nuclear power. Furthermore, robust measures have 
been introduced to reduce costs through expanded 
use for other renewable energy sources such as 
solar power generation, including technological 
development by industry, government and academia, 
subsidies from national and local governments, and 
purchase programs for surplus electricity. Similar 
steps should be taken for the hydropower and, in 
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Table 8 : Comparisons of Power Generation Costs by Power Generation Type
Source: Reference[21,22]
Table 9 : Transaction Unit Cost under the RPS Act
Prepared by the STFC based on Reference[23]
particular, technological development and measures 
are needed to further reduce construction costs.
2-6 Hydropower Present Situations in the World 
2-6-1 Hydropower Development in the World
   According to the World Energy Council (2007),[5] 
hydropower generation is currently the largest and 
most easily accessible power source in the renewable 
energy sources due to its high energy density. In 
2005, hydropower generation accounted for 87% of 
the total global electricity production by renewable 
energy sources. During 2005 alone, 18 GW of 
new hydropower generation went into operation. 
Hydropower generation is used in 160 countries, but 
most of the hydropower plants currently in operation 
will need to be modernized by 2030, and the least-
costly option for increasing generation capacity is to 
renew and upgrade the existing plants. Furthermore, 
while there are 45,000 large dams in the world, the 
majority of them do not have hydropower plants, and 
setting up hydropower plants is an option.
   The characteristics of hydropower developments by 
region are described below:[5]
(1) Huge Hydropower Potential in North America
   Canada possesses the huge hydropower capability, 
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Figure 3 : Comparison of Lifecycle CO2 Emissions for 
Each Power Generation Type (LCA)
*  Data for wind power, hydro power and biomass are weighted average unit prices of each electricity company, etc. Data for solar 
power are maximum or minimum price.
Power generation type Unit cost of power 
generation (Yen/kWh)
Capacity usage 
rate (%)
Operation 
duration (years)
Hydro  power (15MW) 8.2～ 13.3 45 40
Oil (400MW) 10.0～ 17.3 30～ 80 40
LNG (1.5GW) 5.8～7.1 60～ 80 40
Coal (900MW) 5.0～ 6.5 70～ 80 40
Nuclear power (1.3GW) 4.8～ 6.2 70～ 85 40
Solar power (Residential use) 46 12 20
Wind power (4.5MW～ 30MW) 10～ 14 20 17
Classification Purchasing entity Form of power generation FY2008
"RPS equivalent + 
electricity"
Operators of electric utilities Wind power 10.4
Power companies Hydro power 8.9
specified electricity utilities Biomass 8
Specified-scale Electricity utilities Solar power
19.6-25.9 (Meter rate lighting)
8.7-14.6 (Power for business use)
 (Unit: Yen/kWh)
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and hydropower generates 60% of its total electricity 
at present. Projects for upgrading existing large 
hydropower plants and new developments are 
currently under way.
   The United States also has huge hydropower 
capability, but hydropower accounts for only 6.7% 
of its total electricity generation.[5] Amid growing 
solar power and windpower generation, the U.S. 
Department of Energy is investing in improving 
existing hydropower plants in order to expand 
hydropower generation having load following 
capability, which can quickly respond to the change of 
power demand.[24]
(2) Efforts to Improve the River Environment and 
Expand Renewable Energies in Europe
   The development of economically feasible hydro-
sites has run its course in the European Union and, 
amid a trend of expanding renewable energies, 
their interest is shifting to small-scale hydropower 
development and future modernization of existing 
hydropower plants. 
   In 2000, the European Parliament and the Council of 
the European Union approved the Water Framework 
Directive that stipulated the conservation of water 
quality within the EU, which required member 
countries to improve and maintain surface water, 
groundwater, coastal seawater, etc. within the EU 
to ecologically and chemically healthy conditions 
by 2015, and announced a policy of strengthening 
efforts in river environment conservation and river 
maintenance flow discharge. In 2001, the Directive 
on Electricity Production from Renewable Energy 
Sources came into force with the aim of increasing 
electricity production from renewable energy sources, 
including hydropower. This directive required 
member countries to raise their electricity production 
from renewable energies to 12% of primary energy 
consumption and to 21% of total electricity production 
by 2010 and, in particular, set national indicative 
targets for 15 EU countries. Under these two 
directives, hydropower sector within the EU is being 
implemented in a way that is accepted by society, 
while giving consideration to river environment 
conservation. As measures to promote electricity 
production from renewable energy sources including 
hydropower, EU countries have adopted (a) a feed-in-
tariff system, (b) a quota obligation system (RPS Act, 
etc.), and (c) tax incentives. In addition, the European 
energy policy proposal (2007) aims to boost electricity 
production from renewable energy sources to 34% of 
total electricity production by 2020.[25]
(3) Hydropower Development in Asia
   In China and India, electricity consumption grew 
by 5.3-fold and 2.7-fold, respectively, in the 17 years 
from 1990 to 2007. However, per-capita electricity 
consumption is a quarter and a sixteenth of that of 
Japan, respectively. In emerging countries like China 
and India, large-scale hydropower development is 
aggressively under way.
   There are many non-electrified areas in Southeast 
Asia, and the common energy policy of the countries 
in the region is to bring the electrification rate to 
100%. However, as central governments do not have 
the necessary funds, they rely on overseas assistance 
for funding for the development of large-scale 
power plants.[26] Since hydropower development by 
independent power producers carries discretionary 
without consideration for integrated river-basin 
development, what is required is proper development 
that gives due consideration to the environmental 
impact on the local community and the ecosystem, 
and the appropriate measures on f lood control, 
irrigation water, etc. in the river system.[25]
2-6-2 Situation of the International Energy Agency 
(IEA), International Conferences on Hydropower 
(1) IEA Implementing Agreement for Hydropower 
Technologies and Programmes
   In 1995, the Implementing Agreement for 
Hydropower Technologies and Programmes was 
launched under the auspices of the International 
Energy Agency (IEA) with the participation of 
nine countries—Canada, Finland, France, Japan, 
Norway, China, Spain, Sweden and Britain. By 
applying accumulated hydropower technology to 
deal with common problems and sharing the research 
outcomes, the members countries has worked together 
to contribute to the development and dissemination 
of hydropower technologies. They have so far 
released “Hydropower and the Environment: Present 
Context and Guidelines for Future Action (2000),” 
“Hydropower Good Practices: Environmental 
Mitigation Measures and Benefits (2005),” etc. 
At present, activities on effective measures to 
facilitate development of small-scale hydropower, 
and the collection and dissemination of innovative 
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technologies on small-scale hydropower, hydropower 
and environment, etc. are taking place.[27] From Japan, 
the New Energy Foundation is participating in these 
activities as the contract party.
(2) International Conferences on Hydropower 
   International conferences on hydropower are held 
actively in Europe and North America.
In North America, HydroVision 2XXX (organized 
by a U.S. publishing company) and Waterpower XX 
(organized by a U.S. publishing company) are held 
every other year. In Europe, Hydro 2XXX (organized 
by a British publishing company) is held in autumn 
every year. In addition, Hydroenergia 2XXX is held 
every other year in an EU member state, jointly hosted 
by the European Small Hydropower Association 
(ESHA) and domestic association of small-scale 
hydropower of the host country. In Southeast Asia, 
ASIA 2XXX (organized by a British publishing 
company) is held every other year.
   At these conferences, presentations are given on 
widespread topics like policies and systems concerning 
hydropower, assessments of electricity production 
cost from hydropower, assessments of environmental 
impacts relating to the hydropower, maintenance of 
hydropower plants, innovative technologies, sediment 
control measures for dams, and fishway; and active 
information exchanges and discussions take place. 
There are many participants, including hydropower-
generation utilities, manufacturers, consultants, 
government officials and ecological and environmental 
researchers, but participants from Japan are very few.
Technology Trends of Hydropower 
3-1 Small-Scale Hydropower Development Utilizing 
Various Untapped Heads
3-1-1 Participation of Diverse Operating Bodies in 
Small-Scale Hydropower Development
   As described earlier, the RPS Act requires electricity 
utilities to utilize electricity produced from renewable 
energy sources including small-scale hydropower of 
1,000 kW or less. There are also government subsidies 
for its introduction. Thus, in recent years, small-scale 
hydropower development have been conducted by 
various operating bodies other than electricity utilities, 
such as municipalities, public corporation for land 
improvement, private enterprises, specified nonprofit 
corporations and individuals.
   For example, Tsuru City in Yamanashi Prefecture 
has installed a flutter wheel with a diameter of 6m 
with a maximum power output of 20 kW, on a small 
creek that flows in front of the city hall (Figure 4).[28] 
As this creek has a lot of leaves litter and suffers 
large fluctuations in flow volume throughout the 
year, hydropower development had been difficult. 
Consequently, the city developed new trash remover 
utilizing movable screen, and employed an adjustable-
speed generator.
   Regarding the project cost, approximately 39% is 
financed by publicly offered small-lot bonds issued 
to citizens, approximately 35% by subsidies from the 
New Energy and Industrial Technology Development 
Organization (NEDO), and approximately 26% by 
the municipal budget. The facility is popular with the 
locals, and has brought about secondary benefits such 
as leading to voluntary creek clean-up activities. The 
electricity produced is used for the city hall to provide 
part of its power consumption. The flutter wheel and 
generator are imported products from Germany with 
excellent performance records. Prior to proceeding of 
the development plan, an on-site pilot study on power 
utilization was conducted by local citizens’ groups, 
industrial high schools, universities, etc.
   Iida City in Nagano Prefecture has also launched 
a small-scale hydropower development project after 
being selected to take part in the Ministry of the 
Environment’s FY2009 program of commissioning 
a feasibility study for collective power generation 
by citizens, using small –scale hydropower. In this 
project, citizens come up with their own ideas, from 
Figure 4 : Small-Scale Hydropower plant in Tsuru City, 
“Genki-kun No.1”
Source : Reference[28]
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planning the power generation facility to studying the 
required river maintenance flow discharge.
   In February 2009 in Tochigi Prefecture, the public 
corporation of land improvement in Nasunogahara 
constructed two hydropower plants utilizing irrigation 
water, with maximum power output of 340 kW and 
170 kW respectively. Together with the existing 
three hydropower plants, their total power output has 
reached 970 kW.
   Marubeni Corp. acquired Mibugawa Electric 
Power Co. in Ina City, Nagano Prefecture, in 2000, 
and constructed a hydropower plant, with maximum 
output of 480 kW in 2009, that utilize discharged 
water from existing hydropower plant. The company 
announced that it will aim to build new hydropower 
plants and/or acquire existing hydropower plants in 
10 locations in Japan within the next four years.[29] 
Kawasaki Plant Systems, Ltd. launched production 
and sales of small-scale hydropower equipment of 
an integrated turbine generator type with output of 
20–500 kW, developed jointly with Kawasaki Heavy 
Industries, Ltd., that can be applied to the hydropower 
utilizing river maintenance flow discharge from dams.[30] 
   Tokyo Electric Power Co. Inc. is implementing its 
own small-scale hydropower development projects, 
and, its group company, the Tokyo Electric Generation 
Co., Inc. engages joint implementation with various 
entities, from the planning to its design, construction, 
operat ion and maintenance of smal l-scale 
hydropower.[31] Furthermore, the Japanese Association 
for Water Energy Recovery, launched in July 2005 as 
a voluntary organization, conducts research studies on 
small-scale hydropower and is engaged in activities to 
support the introduction of small-scale hydropower.
3-1-2 Technology Trends of Small-Scale Hydropower 
(1) Small-Scale Hydropower Technology Cases in 
Japan
   Following the establishment of various programs that 
promote small-scale hydropower, efforts to introduce 
small-scale hydropower that utilizes various untapped 
water heads in existing infrastructure facilities and in 
relatively small-scale rivers are gradually taking place. 
Examples of the technologies are shown below.
(i) Hydropower Utilizing Check Dams
   Attempts of hydropower generation are being made 
utilizing the untapped water head at check dam. Since 
the primary purpose of the dam is to accumulate 
sediments, penetration-type water intake is applied in 
many cases. The Riheijaya hydropower plant  in Kiryu 
City, Gunma Prefecture, has a head of approximately 
70 meters, water volume of 0.046 m³/s and power 
output of 22 kW. Its annual electricity production 
comes to approximately 110 MWh, of which 
approximately 10 MWh is used for self-consumption 
at municipal park facilities, and surplus electricity is 
sold to electricity utilities. Assuming that the annual 
electricity consumption of a standard household is 
4,700 kWh per year,[32] this is equivalent to electricity 
production for approximately 23 households.
(ii) Hydropower Utilizing Heads at Intake Weirs in 
Rivers
   The Kyoto City Scenery Preservation Association 
installed a small-scale hydropower utilizing 2 m 
head at the intake weir crossing the Katsura River, 
immediately upstream of Togetsukyo Bridge at 
Arashiyama, a famous tourist spot in Kyoto (Figure 
6).[33] This was the first case that a small-scale 
hydropower was installed within a first-class river 
area, and its configuration and structure were designed 
so as not to disrupt the river f low performance 
during floods. The generated electricity is used for 
nighttime illumination of Togetsukyo Bridge, and 
surplus electricity is sold to power utility. This project 
was realized with the cooperation of various parties 
involved, including river administrators, public 
corporation of land improvement and power utility.
(iii) Hydropower Utilizing Irrigation Channels
   Figure 7 shows a scene installing a hydropower 
utilizing running water that can be installed 
successively in an irrigation channels. In an 
experiment that used a metal undershot flutter wheel 
with a diameter of 2.25m and a width of 2m in a 
4-meter-wide channel with a flow velocity of 2m, 
power output of approximately 770W per unit was 
possible.[34] The generator costs 600,000 yen or less 
per unit and, assuming a capacity factor of 75%, 
it is calculated to be depreciable in just nine years. 
Although its power output is small, the generator is 
inexpensive and easy to install and, since its structure 
is simple, repair work can be done at a small local iron 
factory.
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Figure 5 : An Image of Power Generation Utilizing a 
Check Dam
(iv) Hydropower Utilizing Discharge of River 
Maintenance Flow
   As for hydropower plant (conduit type and dam-
conduit type), river maintenance flow shall be released 
in order to improve the flow regime within a reduced 
flow section of the river between the water intake point 
and the discharge point for the hydropower operation. 
Hydropower developments utilizing discharge of 
river maintenance flow are under way in various sites. 
At the Hatanagi-II Dam of Chubu Electric Power 
Co., Inc. small-scale hydropower (170 kW) is now 
in operation utilizing discharge of minimum flow of 
0.55m3/s from the existing dam.
   Similarly, small-scale hydropower would be 
implemented utilizing discharge of minimum flow 
from a dam for flood control. At the Kajikawa dam 
exclusively for flood-control in Niigata Prefecture, a 
hydropower plant with a maximum output of 1,100 
kW is in operation.
(v) Revival of Shut-Down Hydropower Plants 
   Efforts are being made to reuse and revive 
hydropower plants that have been closed for various 
reasons, resulting in abandoned facilities or part of 
the waterway being used for water supplies. On the 
Kano River in Izu City, Shizuoka Prefecture, Ochiairo 
hydropower plant went back into operation in 2006 
after an 11-year hiatus. Following the revival of the 
hydropower plant, the area surrounding the intake 
weir, which had been a mess due to driftwood and 
sediment deposition, has been cleaned up, a fishway is 
functioning again, sweetfish swim upstream, and its 
revival has been received well locally. The hydropower 
plant has a output of 100 kW, with water flow of 3m3/
s and effective head of 4.8 m, and its annual electricity 
production is approximately 765 MWh.[31]
(vi) Low-Cost Hydropower Using General-Purpose 
Goods
   Although there are many small-scale hydro sites in 
Japan, as they are very small in scale, it is essential to 
reduce the construction cost. Therefore, attempts are 
being made to build a hydropower system as simply 
as possible by changing the quality requirements in 
accordance with the specific circumstances of each 
site, such as using general-purpose polyethylene 
pipes and hard polyvinyl chloride pipes, which are 
inexpensive and easy to apply, for the penstock, and 
using general-purpose personal computers for control 
 
 砂防堰堤を取水施設として、その落差を利用した水力発電が試みられている。土砂を貯留
することが第一義の目的であるため、浸透式取水となる例が多い。群馬県桐生市の利平茶
屋水力発電所は落差が約70m、0.046m3/sの水量で出力は22kWである。年間約110,000kWh
の発電量があり、その内約10,000kWhを市の公園施設で自家消費し、余剰電力は電力会社
に売電している。一般家庭の年間消費電力量を4,700kWh/年32）とすると、約23戸分の発電量
に相当する。 
 
 
2） 河川内の取水堰の落差を利用した水力発電 
 
 京都市景観保全会は、観光地である嵐山の渡月橋直上流で、桂川を横断する取水堰の約
2mの落差を利用して水力発電施設を設置した（図表15）33）。一級河川区域内に発電施設を
設置した初めてのケースで、出水時に河川の通水能力に支障が生じないように形状や構造
面での工夫が行われている。発電した電気は渡月橋の夜間の照明に使用され、余剰電力は
電力会社に売電されている。この事業は、河川管理者・土地改良区・電力会社など様々な関
係者の協力によって実現した。 
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3） 農業用水路を利用した水力発電 
 
 図表16に農業用水路に連続的に設置できる流水利用型の発電機の設置状況を示す。水路
幅4m、流速2mの水路に直径2.25m、幅2m金属製下掛け水車を用いた実験では、1基あたり約
770Wの発電が可能であった34）。使用した発電機は1基60万円以下であり、設備利用率を
75％とした場合9年弱で償却可能と計算されている。出力は小さいが、安価であり、設置も容
易で、簡易な構造であるため、修理も地域の小規模の鉄工所で可能である。 
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Figure 6 : Power Generation Utilizing Heads of Intake 
Weirs in Rivers
 
4） 河川維持流量の放流設備を用いた水力発電 
 
 水路式発電所においては、取水地点から発電所の放水地点までの河川の減水区間の流況
を改善するために、河川維持流量を流す措置がとられているが、この維持放流を利用した水
力発電所の建設が各所で進められている。中部電力の畑薙第二ダムではダム直下への
0.55m3/sの維持放流水を活用して170kWの発電を行っている。 
 
 また、治水専用ダムにおいても維持放流水を用いた発電が行われており、新潟県の加治川
治水ダムでは最大1,100kWの発電を行っている。 
 
5） 廃止水力発電所の再生 
 
  諸事情により発電所が廃止されて、設備が放置されている地点や水路の一部が用水に使
われている地点において、これを再び利用して水力発電所を復活させる取り組みが行われて
いる。静岡県の伊豆市を流れる狩野川では、2006年に11年間の停止期間を経て落合楼発電
所が再開した。発電所再生後は流木や土砂堆積により荒れていた取水堰周辺も整備され、
再び魚道が機能し、アユが遡上して、地元からも喜ばれている。出力100kW、使用水量
3m3/s、有効落差4.8m、年間発生電力量は約765MWhである31）。 
 
6） 汎用品を用いた低コスト水力発電 
 
 小水力発電可能な地点は全国に多数存在しているが、規模が非常に小さいために、建設
費のコストダウンが不可欠である。このため、水圧管路に、安価で施工性がよい汎用のポリエ
チレン管や硬質塩化ビニル管を採用し、制御用に汎用パソコンを採用するなど、地点の状況
に応じて要求品質を変えて、できるだけ簡易な発電システムにするよう試みられている36）。 
 
7） 上水道を利用した水力発電 
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Figure 7 : Installation of Generator Utilizing Running 
Water in Irrigation channels
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Figure 8 : Small-Scale Hydropower Generation at Water-Supply Facilities
purposes.[36]
(vii) Hydropower Utilizing Water-supply Facilities 
   Figure 8 shows an example of hydropower 
generation that utilizes surplus water pressure 
that arises when tap water is delivered from water 
treatment plants to water-supply facilities. The Tokyo 
Metropolitan Government’s Bureau of Waterworks 
installed hydropower facilities of 95kW and 90kW at 
the Minamisenju and Kameido water-supply facilities, 
respectively, by applying the method described in 
Figure 8.[37]
(viii) Hydropower in Buildings 
   Untapped water head also exists in water-thermal-
storage type air-conditioning systems in buildings. 
In this systems, cooling water is pumped from the 
thermal storage tank on the basement floor and returns 
to the basement after cooling the air-conditioning 
equipment installed on each floor. Attempts have 
been made to generate electricity by utilizing the flow 
volume and head of the cooling water as it returns 
to the basement thermal storage tank. Products that 
package a generator-integrated turbine and a control 
panel are being sold depending on the flow volume 
and head. The Miyakonojo city government has 
installed a generator to the circulation system for air-
conditioning cooling water, and produce electricity 
of approximately 2.2kW when the air-conditioning 
system is in operation.[38]
(2) Small-Scale Hydropower Technology in 
Overseas 
   Extensive technological developments aimed 
at expanding the use of hydropower, such as fish 
protection, utilization of very low heads, and computer 
support systems for hydropower development, are 
under way with support from governments and 
cooperation from universities and other research 
organizations.
(i) Development of Very-Low-Head, Slow-Speed, 
and Fish-Friendly Turbine
   In Europe and North America, death or injury of 
fish as they pass through hydropower turbines has 
become a problem. In recent years, the population 
of European eels has decreased considerably, and a 
proposal has been made to temporarily suspend the 
operation of hydropower plants during the migration 
of the eels. A very low head turbine (VLH) that deals 
with this problem has been developed by a private 
French company by receiving subsidies from the 
French Ministry of National Education, Advanced 
Instruction, and Research, the French Agency for 
Environment and Energy Management, and Natural 
Resources Canada. The VLH is designed to prevent 
contact with fish by extending the turbine diameter 
and rotating wheel to rotate the wheel at low speed, 
and by applying numerical fluid analysis to adjust the 
shape of the blades and the clearance to the outer shell. 
Test results showed a survival rate of 97% for smolts 
(young salmon) and approximately 92–93% for eels. 
The first VLH for commercial operation was installed 
in March 2007, generating a power output of 438 kW 
with a revolution of 34rpm, a head of 2.5m and a flow 
rate of 22.5m3/s.[39]
(ii) Development of New Flutter Wheel Utilizing 
Very-Low–Head with High-Efficiency
   A British university developed a new flutter wheel 
 
 浄水場から給水所へ水道水を引き入れるときの余剰水圧を利用した水力発電の例を図表
17に示す。東京都水道局では、図表17に示す方式で、南千住給水所と亀戸給水所にそれぞ
れ95kWと90kWの発電設備を設置した37）。 
 
8） ビル内の水力発電 
 
 ビルの水蓄熱式空調設備においても未利用の水力エネルギーが存在する。水蓄熱式空調
設備の場合、冷却水は建物の地下にある蓄熱槽からポンプでくみ上げられ、各階に設置され
た空調機を冷却後、再び地下に戻る。この地下蓄熱槽に戻る際の流量と落差を利用して発電
が試みられている。このような配管に設置する発電機一体型水車と制御盤をパッケージ化し
た製品が流量と落差に応じて販売されている。都城市役所では空調冷却水循環系統に発電
機を取り付けて空調システム運転時に約2.2kWの発電を行っている38）。 
 
（2） 海外の小水力技術事例 
 
 水力発電の利用拡大を目指して、魚類の保護や超低落差利用、水力開発のためのコンピュ
ータ支援システムなどの技術開発が各国政府の支援や大学などの研究機関の協力の下で
行われている。 
 
1） 魚を傷つけない超低速回転水車の開発 
 
 欧州や北米では、水力発電用タービン通過時の魚類の死傷が問題視される場合がある。
近年、ヨーロッパウナギの生息数の減少が著しく、ウナギの回遊時に水力発電の一時的な運
転停止が提案される状況にまでなっている。このような事象に対応する超低落差タービン
（VLH）が、フランス研究・教育省、環境エネルギー管理庁およびカナダ天然資源局の補助金
を受けて、フランスの民間会社で開発された。水車直径を大きくし、低速回転とするとともに、
数値流体解析により羽根の形状、外殻との隙間を調整し、機器の魚類への接触を防ぐ配慮
を行っている。試験では、スモルト（鮭の幼魚）については97％の生存率が、ウナギについて
は約92～93％の生存率が確認された。最初の商業運転用機が2007年3月に設置され、回転
数34rpm、落差2.5m、流量22.5m3/sの下で出力438kWを達成している39）。 
 
2） 超低落差用高効率水圧利用水車の開発 
 
 流水のエネルギーではなく、水車の羽根を水路床まで伸ばすことで上下流に水位差を発生
させ、水圧を利用する超低落差用高効率水圧利用水車が、英国の大学で開発された（図表
18）。羽根をねじる形状にすることで、羽根が水に入る際と出る際の損失を少なくし効率の向
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utilizing very low heads with high-efficiency which, 
instead of using the energy of flowing water, utilizes 
the hydraulic pressure arising from a difference in 
the upstream-downstream water level, achieved by 
extending the blade of the wheel to the waterway 
bed (Figure 9). By twisting the blades, the energy-
loss when the blade enters and leaves the water is 
reduced and efficiency is improved. In a model test, 
an efficiency of 80% or more has been attained with a 
flow rate of 3.6m3/s/m width and a head of 2m.[39]
(iii) Hydropower Units integrated with Steel Gate
   An axial flow hydro turbine-generator, which is 
integrated into the gates of existing dams, has been 
developed in Austria. The generator has advantages 
such as requiring little engineering work as it utilizes 
existing structures, and not needing new space for the 
installation of power generation facilities. A single 
unit has a total power output of 200kW with a head of 
1.0m to 10.3m and a runner diameter of 910mm. By 
installing 25units, an overall power output of 5,000 
kW has been achieved.[40]
(iv) Development of Computer Software to assist 
Planning of Hydropower Development
   A tool that uses geographic information systems 
(GIS) to search and assess hydropower sites in U.S. 
rivers is being developed by the Idaho National 
Engineering and Environmental Laboratory. This tool 
can show approximately 500,000 hydropower sites and 
130,000 hydropower sites feasible for development. 
It can also show road networks, power grids and 
land use patterns in order to conduct preliminary 
assessments for development. In Canada, a system 
that can calculate the quantity and cost of construction 
work is being developed with assistance from Natural 
Resources Canada.[41]
3-2 Continuous Utilization and Improvement of Existing 
Hydropower Plants
3-2-1 Efforts toward the Continuous Utilization of 
Existing Facilities
(1) Operation, Maintenance and Improvement of 
Aged Facilities 
   Since the 1890s, Japan’s hydropower generation has 
continued to produce purely domestic, clean energy 
for a long period of time. As of 2009, around half of 
the hydropower plants have been in operation for 60 
years or longer. In general, turbines and generators can 
be used for 50 to 60 years if appropriately maintained, 
and civil engineering structures for 100 years or 
more. Until now, hydropower plants built at various 
times have been operated, maintained and managed, 
under close cooperation between engineers in the 
field and local parties. During this time, operation and 
management systems for river flooding prediction 
and gate operation, as well as inspection, soundness 
assessment and repair technologies for aged facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 : New Flutter Wheel Utilizing Very-Low-Head with High-Efficiency
Source: Reference[39]
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such as dams, waterways, penstock, turbine and 
generators in order to continue to use them safely and 
at a low cost, have been developed and applied on site. 
In the future, in addition to dealing with these aged 
facilities, it is important to deal with the deterioration 
of large-scale hydropower plants built after World War 
II, as well as to pass on the relevant technology and 
develop human resources.
(2) Environmental Measures
   In Japan, weather and terrain conditions change 
rapidly. When there is heavy precipitation due to 
typhoons, fronts and low-pressure systems, the river 
flow at times turns into muddy streams, producing 
a sudden outflow of huge amounts of sediment and 
driftwood in some regions. This washes the riverbed, 
causes floods, and at the same time brings various 
substances to the coastal sea. After the flooding, 
the water often returns promptly to its limpid state. 
However, some of the existing hydropower plants 
have a major impact on these natural changes, leading 
to problems such as sedimentation and water quality 
deterioration in dams and negative impacts on the 
landscape and natural environment in the reduced 
flow sections of conduit type hydropower plants, thus 
requiring environmental measures.
(i) Recovery of Limpid Water in Reduced Flow 
Sections
   In conduit type hydropower plants, since a headrace 
draws river water from the water intake point to the 
discharge channel of the power station downstream, a 
reduced flow section emerges in this part of the river. 
At the time that the power plants were constructed, 
considerations to ensure water volumes necessary to 
preserve the environment in reduced flow sections had 
been inadequate, partly due to the social background 
at the time. However, following the issuance of power 
generation guidelines,[42] measures have been taken to 
release river maintenance flow at the time of renewal 
of the period of water rights in order to improve the 
growth and inhabiting situation of living organisms, 
water quality and landscape; and in recent years, 
limpid water has been recovered at around 80% of 
the target power plants.[43] While many power stations 
release a constant volume of water annually, there 
have been cases where the discharge varied according 
to the season, to match the actual condition of the 
river.
(ii) Fishway Development 
   At intake weirs for power generation, the height 
difference at times interferes with the migration of 
fish upstream and downstream. Therefore, fishway 
research has been conducted for various fish species, 
and fishways have been installed at many weirs.
(iii) Measures against Sedimentation and Water 
Quality Deterioration in Dams
   In large-scale dams that do not have facilities to 
release sediment in watersheds suffering heavy 
sediment runoff, the dam blocks sediment from 
traveling downstream, which leads to massive 
sedimentation in reservoirs, causing deterioration of 
reservoir functions, changes in the river environment 
such as a rise in the riverbed immediately upstream 
of the reservoir and lowering of the riverbed 
downstream, and shortage of river gravel resources. 
It even affects coastal erosion. In addition, the 
phenomenon of making the downstream water murky 
for a long time after flooding and the eutrophication 
of reservoirs have been observed. In response to these 
problems, attempts have begun to release sediment 
downstream from dams during floods.[44]
(iv) Creation of Environment Surrounding 
Hydropower Plants
   When installing hydropower plants, emphasis 
has been placed on preserving the surrounding 
environment and mitigating the impact of power 
plants. In recent years, new environments have 
provided habitats and breeding grounds for fish and 
birds, and the river landscape like a reservoir is used 
for tourism and recreation purposes, and as an open 
community space for the locals. Studies are being 
conducted on methods to evaluate these positive side-
effects.[45]
3-2-2 Enhanced Power Generation Utilization 
through Expanding of Dams and Power Stations
   Chugoku Electric Power Co. expanded the dam and 
power output at Taishaku-River hydropower plant as 
80 years had passed since its completion in 1924, and 
it was necessary to improve the operation of the dam 
reservoir due to complicated flood countermeasures. 
By improving the flood-management capability and 
stability of Taishaku-River dam and by effectively 
utilizing the dam’s untapped head, the original 4,400 
kW facility was redeveloped into two power stations 
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of 11,000 kW and 2,400 kW. As the area surrounding 
Taishaku-River dam is a government-designated area 
of scenic beauty and is located within a special quasi-
national park area, construction work was conducted 
by making minimal alterations to the surrounding 
natural environment, by preserving the scenery and 
use of the dam lake, which has provided tourism 
resources, and by giving due consideration to the 
impact on fauna and flora.[46]
   Expanding that involve a comprehensive re-
evaluation of facilities from functional, safety and 
environmental perspectives around the time of 
their modernization for further effective utilization, 
based on the latest technology and on the experience 
of having used the facility for many years, are an 
opportunity to effectively use aged hydropower-
generation facilities in the future as well as to increase 
the use of renewable energy economically. However, 
as large river maintenance flow discharge and strict 
design flood discharge are required for newly building 
or expanding hydropower facilities, the majority of 
plans involve simple, partial facility replacement; and 
there have been few expanding projects that change 
water use conditions to increase electricity production 
in recent years. 
Toward Further Effective Utilization 
of Hydropower
4-1 Issues Surrounding Hydropower Generation in 
Japan 
   Construction of new hydropower plants was 
previously avoided due to reasons such as their high 
unit cost of power generation compared with thermal 
power generation that uses fossil fuel, the difficulty of 
obtaining the understanding of the local community, 
and the long development period due to adjusting 
water uses. Today, however, hydropower is viewed in 
a new light as a valuable form of renewable energy 
that could help to realize a low-carbon society. In fact, 
ways to effectively utilize hydropower economically 
and in harmony with the river’s natural environment 
and the local community are being considered.
   Regarding hydropower generation, technologies for 
building large pumped-storage power stations, such 
as large dams, underground rock caverns and large-
capacity pump-turbine generators, have developed 
and become sophisticated. However, technologies 
and systems for small-scale hydropower generation 
to utilize various untapped heads economically 
have not been studied sufficiently. Therefore, small-
scale hydropower generation, which is believed to 
be economically inefficient, is not a main target of 
surveys on technically exploitable capability, and its 
potential capacity cannot be determined accurately. 
In order to utilize various untapped heads in the 
future at a low cost, in addition to grasping the 
potential capacity, cost reductions and development of 
environmentally friendly technologies are necessary 
for small-scale  hydropower generation that matches 
the actual situation and considers the maintenance and 
operation of facilities.
   Government-backed systems to promote small-
scale hydropower generation are being developed, 
and new, community-based efforts on hydropower 
generation that utilizes various untapped heads 
have been launched by diverse operating bodies. As 
local parties promote efforts to develop and utilize 
hydropower themselves, it is hoped that hydropower 
generation will spread and public understanding 
of hydropower use will deepen further. However, 
hydropower generation involves various water 
users and governmental agencies, and specialized 
knowledge and a long period of time are required 
to obtain permission for river-water use. In order to 
promote small-scale hydropower generation, a review 
is necessary with regard to the easing of regulations 
and support measures.
   With regard to existing hydropower plants, aging 
facilities have increased, deterioration is accelerating, 
and many facilities are in need of modernization. 
In addition, depending on the type and size of the 
facilities and watershed conditions, new environmental 
measures are needed. Under the conditions, removal 
is being discussed at some dams, and hydroelectric 
development efforts are making little progress as 
large river maintenance flow discharge is required 
when newly building or expanding power plants. 
Furthermore, facilities covered by the RPS Act are 
limited to those with generated power output of 
1MW or less. In the future, to promote hydropower 
generation as a renewable energy source, including 
existing hydropower facilities, it is essential that 
efforts should be made to avoid and minimize negative 
impact arising from hydropower.
4
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4-2 What Is Necessary Specifically for the Further 
Utilization of Hydropower 
4-2-1 Development of Small-scale Hydropower 
Generation Utilizing Various Untapped Heads
(1) Re-evaluation of the Potential Capacity 
of Small-scale Hydropower Generation as a 
Renewable Energy Source
   With regard to constraints due to an organization’s 
area of responsibility and purpose, conventional 
practice, technology levels, regulations and standards, 
extensive discussions should be held on the possibility 
of expanding the use of various untapped heads in 
existing infrastructure facilities such as dams, weirs, 
irrigation channels, water-supply and sewerage 
systems, and existing hydropower-generation 
facilities, as well as in small-scale rivers, without 
being bound by past preconditions and constraints, 
and by returning to the starting point and transcending 
the confines of government or field. In doing so, it is 
necessary to re-evaluate Japan’s technically exploitable 
hydropower capability. In addition, a common 
understanding needs to be established among the 
parties involved, regarding the possibility of further 
utilizing hydropower as a renewable energy source 
and issues that should be resolved from technical, cost, 
environmental and institutional perspectives.
(2) Technological Development to Utilize Various 
Untapped Heads Economically
   In actively utilizing various untapped heads such 
as dams, weirs, channels, existing hydropower 
facilities and small-scale rivers as a new means for 
hydropower generation, it is necessary that they exist 
in harmony with current facilities’ flood-control and 
water utilization functions and with the surrounding 
environment. At present, thanks to the efforts of 
concerned parties, studies are being conducted on 
power generation facilities that are suitable for the 
installation site based on conventional technologies. 
In the future, it will be necessary to systematically 
promote the development of new hydropower 
utilization technologies that match the actual situation 
depending on the type of untapped head, by clearly 
defining the development goals of technological 
issues.
(3) Hydropower Development Led by Local 
Residents
   In order to expand the use of small-scale 
hydropower, which is close to us and an accessible 
renewable energy source, it is important that local 
residents take the initiative to promote development 
that takes advantage of the characteristics of each 
area. It is also important for local residents themselves 
to think about measures to promote comprehensive 
development of hydropower, together with solar 
power and wind power, as renewable energies. 
In promoting community-based hydropower 
development in the future, local governments need 
to consider how to use water resources in various 
ways, not only for hydropower generation but also 
for tourism and other purposes, and, to this end, a 
system that enables flexible hydropower utilization 
needs to be developed. In addition, steps should be 
taken to simplify application procedures and speed 
up processing for small-scale hydropower generation 
with regard to the River Act and the Natural Parks 
Act, as well as to create support systems that enable 
the easy use of nationwide hydrological and terrain 
data for development purposes, and maintenance and 
management support systems of the power plants once 
the project has been completed.
4-2-2 Development of Environmentally Friendly 
Technologies for Sustainable Hydropower 
Generation
   In order to realize sustainable hydropower use as 
a renewable energy source in the future, researchers 
need to show scientifically, based on data, the 
actual state of problems, the cause-and-effect 
relationship and the extent of impact concerning 
harmonization with the natural river environment 
and local community. And, based on their findings, 
the national and local governments need to establish 
rational countermeasures. With regard to the river 
maintenance flow discharge when newly building 
or expanding facilities, it is necessary to establish 
detailed criteria and methodology for consensus 
building that match the actual river conditions and 
facility conditions, in order to balance the further 
use of renewable energies and river environment 
preservation. In terms of measures to release sediment 
from dams, it is difficult for the dam administrator 
alone to resolve the problem. Efforts are required 
by researchers, together with the government and 
by transcending fields of specialization, from 
a comprehensive standpoint covering disaster 
prevention, environment and use of resources, from 
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mountains to rivers to coasts.[44] It is necessary for 
the government, local community and researchers in 
specialized fields to work closely together to address, 
from a comprehensive perspective, questions such 
as “What is sustainable hydropower generation with 
reduced environmental burdens and in harmony with 
the natural environment?,” “What is hydropower that 
is popular with the local community?” and “What 
should hydropower in the new era be?” By resolving 
these issues, Japan can make a major contribution to 
improving existing hydropower-generation facilities 
and new future development projects overseas.
Conclusion
   As expressed in the words “Toyoashihara no Mizuho 
no Kuni” in an ancient Japanese chronicle, describing 
the country’s beautiful and fertile land, Japan has 
enjoyed rich water resources since ancient times and 
water has played a central role in the formation of its 
land, agriculture and ecosystems.
   Japan possesses hydropower-generation facilities that 
were built at various periods, and  it has accumulated 
immense knowledge regarding their compatibility 
with the local community and natural environment 
through their operation and maintenance over many 
years. Based on this knowledge, our modern wisdom 
is being tested as to how best to effectively utilize 
hydropower generation economically and in harmony 
with the environment, and what kind of sustainable 
system we can pass on to the next generation. 
   “How much new renewable energy can be produced 
by developing technologies to effectively utilize, 
community-based hydroelectric energy that exists 
in harmony with the natural environment, water use 
and disaster prevention, and by developing systems 
for promoting hydropower use?” and “What role 
might hydropower generation play in the future 
toward realizing a low-carbon society?”, In order to 
answer these questions, it is necessary to develop new 
technologies and establish a common understanding 
with regard to the use of hydropower as a renewable 
energy source. Furthermore, we need to apply these 
technologies and common understanding should be 
applied to Japan’s measures against global warming, 
diversification of energy sources, and revitalization of 
local communities.
   In order to prevent global warming, the world needs 
to work together to transform itself into a low-carbon 
society, in response to growing electricity demand 
in emerging and developing countries. It is hoped 
that Japan’s environmentally friendly hydropower 
technologies will be applied in Asia, which is rich 
in hydropower resources and where hydropower 
development is expected to increase in the future, and 
that Japan will make an international contribution as a 
developed Asian nation. 
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